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Abstract 
Due to the rapid changes in manufacturing environment, management 
innovation has been of heightened interest for industrial practitioners. All over the 
world, organizations are searching for the best approaches that alkw them to sustain 
growth and competitiveness. Of equal importance is the adoption and transfer of 
management practices iliat have been successfully applied in various environments. 
This research is primarily concerned with the adoption of management 
practices to Thai industry. The questions of interest are: what impedes or enhances the 
adoption of management practices, what kinds of applications are more difficult to 
adopt, and what are the critical success factors in the adoption process. 
This study involves an empirical study of 53 Thai companies that are interested 
m adopting, or are adopting quality management. Of particular interest is the 
implementation of total quality management (TQM) and ISO 9000 as they are widely 
recognized among Thai practitioners. The findings lead to greater understanding in the 
issues of quality management evolution of Thai industries. 
The research also deals with in-depth case studies of seven companies m 
Thailand and Japan, whose results validate the findings from the empirical studies and 
offer further insights into the critical success factors in the adoption process. The 
overall conclusions have been drawn from a combination of the quantitative analyses 
and the case studies. 
Important contributions of this work are as follows. 
1. It provides greater insights into the various stages of development of Thai 
manufacturing industries toward quality management by investigating the 
characteristics of organization and technology. The findings are useful in that they 
recommend the approaches appropriate for each stage of organizational and 
technological development. 
2. Based on the systematic studies of Thai and Japanese manufacturing 
industries, the findings add to existing management theories by pointing out the 
critical success factors in the adoption of management practices. The investigation also 
leads to a framework for the transfer of quality management to the Thai industry. The 
framework serves as a general guideline for those wishing to successfully adopt 
management practices. 
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Introduction 
1.1 I n t r o ~ u c t i o n n
Chapter 1 
Introduction 
Chapter One 
This Chapter provides an overview of the research by describing the aims, its 
background, the targeted end users, the benefits of the research, and the plan of the 
study. 
1.2 Aims of the Research 
The general aim of this research is to investigate the development of Thai 
manufacturing industries toward quality management and to formulate a framework 
for the transfer of quality management to Thai manufacturing industry. It builds on 
existing theories of best management practices, and offers further insights into the key 
issues facing organizations in their efforts to adopt quality practices. 
To achieve the overall aim, preliminary research that is described in Chapter 2 
reveals that the following areas need to be explored. 
1. The impacts of quality practices on perfOlmance. 
2. The evolution of quality management in the Thai industry. 
3. The relationship between the levels of quality development and performance. 
4. The characteristics of Thai organizations that successfully adopt quality 
management practices. 
It is expected that the findings would benefit those wishing to gain a greater 
understanding of the development of Thai manufacturing industries toward quality 
management. For individuals responsible for planning and instigating change within 
organizations, the framework should provide helpful guidelines for the transfer of 
quality practices. 
Introduction Chapter Onc 
1.3 Background to the Research 
With the emergence of free-trade areas in Europe, North America, and 
elsewhere in the world, it is increasingly difficult to sustain competitiveness by 
protecting markets. This, together with the growth of international trade, means that 
companies are now competing on a worldwide scale (Pfeffer, 1994). 
Global competition is healthy for industry and for each country's economy 
(Schonberger, 1986). It is also the main reason that stimulates manufacturers to search 
for the approaches that guarantee competitive advantages. The industrialized nations 
have struggled for decades to find the best practices. Through their struggling, various 
management practices have been developed. 
The emerging nations have the advantage of not having to repeat the mistakes 
that were made by the industrialized countries (Crosby, 1991). They can progress 
through a much shorter path to success if they take time to study the approaches. An 
important issue that emerges is the transfer of these practices which has become the 
major theme of this research. 
1.4 Plan of the study 
To accomplish the research aims, it is necessary to conduct preliminary 
research in order to identify the areas to be explored. This is presented in detail in 
Chapter 2, which contains a review of the pertinent studies together with an analysis 
and critique of their findings. 
Chapter 3 states the research problems and presents the details of the adopted 
methodology. This involves the research methods for both quantitative and qualitative 
studies. including hypotheses development, survey instrument, data collection 
methods, and identification of study sites. 
Chapter 4 presents the results of the quantitative analyses that involve 
surveying thirty-five Thai companies that are currently adopting. or interested in 
adopting quality management practices. The findings disclose the pattern of 
2 
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organizational and technological development of the Thai manufacturing industries, 
and justify the hypotheses concerning quality management practices. The Chapter 
ends with the recommendations on the management practices appropriate for each 
stage of development. 
Chapter 5 discusses the results of the in-depth case studies of seven 
manufacturing companies in Thailand and in Japan in order to validate the findings 
from the quantitative analyses. The characteristics of successful organizations are also 
revealed, leading to the identification of the critical issues in the transfer of 
management practices. 
Chapter 6 presents the conclusions stemming from the research together with 
the framework for the transfer of quality management to the Thai manufacturing 
industry. 
3 
Literature Review 
2.1 Introduction 
Chapter 2 
Literature Review 
Chapter Two 
This chapter examines studies pertaining to competitive approaches, analyzes 
and critically reviews their findings, and identifies areas that are still unexplored. 
In general, the studies are scattered across several disciplines, including 
production and operations management, social sciences, management sciences, 
finance, and accounting. In this study, the issues are grouped into three categories: 
organization, technology, and management. 
According to the sociotechnical system perspective, an organization is made up 
of three subsystems: social, technical, and environmental that are inextricably related. 
The social subsystem is the organization and people; the technical subsystem consists 
of the tools, techniques, and methods used to produce a product or service; and the 
environmental subsystem consists of owners and other stakeholders, customers, anq 
regulatory environment. The success of an organization depends upon the 
compatibility between the three subsystems (Michael et aI., 1981). From an early work 
of Trist and Bamforth (1951) of the Tavistock Institute in London, the sociotechnical-
system approach to organizational change involves the change activities that account 
for both the technological requirements and the social relationships of the people. The 
role of management is to integrate the social with the technical system in order to gain 
an optimum fit between the organization and its environment (Shani et aI., 1992). 
The first section of the Chapter focuses on the organizational system, and 
places emphasis on organizational learning as it is generally recognized as a key 
reason for competitiveness. In the second section, studies concerning the technological 
dimension are reviewed, followed by the impacts of technological adoption on 
organizational issues, and the timing of organizational versus technological changes. 
The next two sections review the management practices that have emerged from the 
1970s to the present time and the roles of quality management practices in improving 
4 
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competitiveness. This is followed by discussions on various management practices 
including lean production, world-class manufacturing, just-in-time manufacturing, 
total quality management (TQM), and the ISO 9000 quality system. TQM is given 
particular attention as it is one of the most popular approaches. Then comparisons 
between various practices are conducted, and benefits and disadvantages are identified. 
The next section reviews the research on quality management with emphasis on TQM 
issues. This leads to the final discussion on the remaining research areas to be 
explored. 
2.2 Organization 
Organizations are social arrangements for the controlled performance of 
collective goals. In an organization, people strive to achieve control over the use of 
resources to produce goods and services efticiently (Huczynski & Buchanan, 1991). 
In recent years, considerable attention has been given to the subject of 
organizational .learning as it has been recognized as a source of competitiveness. It is 
also believed to be one of the key reasons attributable to the Japanese success 
(Bowonder and Miyake, 1993). Another reason for the heightened interests in 
organizational learning is the rapid technological changes which increase the 
uncertainties facing companies (Dodgson, 1993; Duffin, 1997; Huber, 1996). The 
relationship between organization learning and technology is that learning is a key 
feature in the process by which companies accumulate technology in order to compete 
(Akhilesh and Madanmohan, 1993; Coates, 1996; Karnoe, 1996; Voss, 1987). 
Although several definitions of a learning organization have been offered in the 
literature as shown in Table 2.1, most of them view organizational learning as a 
process that evolves over time, and is linked with knowledge acquisition and improved 
performance (Garvin, 1993). 
The two main concepts that are widely used in the literature to analyze 
organizational learning activities are: knowledge base and core competence. 
The term knowledge base is used to analyze the form of knowledge and the 
focus of its accumulation. It is becoming common to find suggestions that specialized 
knowledge has become a crucial factor for business success (Blackler, 1993; Aaker, 
5 
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1989). Organizational uniqueness is defined by knowledge bases and the processes of 
acquisition, organization, distribution, and enhancement of the knowledge over which 
it has control (Blackler, 1995; Dodgson, 1993; Huber, 1996). An organization can 
acquire ynowledge from its everyday experience, its interaction with environments, 
and its direct purchasing of knowledge such as by joint venture and licensing (Huber, 
1996). Through its nonna! operations, an organization can transfonn everyday 
experiences into organizational knowledge by creating a system of eliciting and 
utilizing the knowledge in order to stimulate organizational learning (Argote, 1996; 
Dodgson, 1993; Huber, 1996). An organization can also acquire knowledge by 
interacting with environments. This includes learning from the process of 
benchmarking best practices, and interaction with customers and suppliers (Boxwell, 
1994). 
Table 2.1 Definition of a learning organization 
Definition of a learning organization 
, A learning organization is a company that purposefully constructs structures and 
strategies so as to enhance and maximize organizational learning. ' (Dodgson, 1993). 
, Organizational learning means the process of improving actions through better 
knowledge and understanding.' (Fiol and Lyles, 1985) 
, A learning organization is an organization skilled at creating, acquiring, and 
transferring knowledge, and at modifying its behavior to reflect new knowledge 
and insights.' (Garvin, 1993) 
, An organization learns when, through its processing of infonnation, it increases the 
probability that its future actions will lead to improved perfonnance.' (Huber, 1996). 
The other concept that is related to organizational learning is that of core 
competencies. The concept of core competencies is similar to the above approach in 
that it also refers to the uniqueness of companies' knowledge and learning. According 
to Prahalad and Hamel (1990), the concept of core competencies is portrayed as the 
collective learning in the organization, especially that involving the ability to 
coordinate production skills and technologies into competencies that empower the 
company to adapt quickly to a changing environment. The competitiveness of a firm 
6 
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depends on its ability to build and manage organizational competencies which should 
be made difficult to imitate. 
Similar to the notion of core competencies, some authors suggest the idea of 
organizational routines (Levitt and March, 1988) which, "makes the lessons of history 
accessible to subsequent organizational members". Among all these notions, it is 
important to note that the process of building such competencies should be continuous 
(Pavitt, 1991; Pfeffer, 1994; Weick, 1996). 
The nature of the knowledge base or core competence is individual to each 
company and is a crucial factor affecting its competitiveness (Knott et aI., 1996; Grant, 
1991; Williams, 1992). 
Although the subject of organizational learning has been widely discussed in 
the literature, most of the discussions are highly philosophical and lack guidelines for 
practice (Garvin, 1993). For example, some authors (e.g. Coates, 1996) suggest an 
approach to identify the organization's strategic core competence sets and to manage 
them for maximum values. However, few articles have been written about the actual 
process of creating core competence or organization!!l learning. Section 2.5 will 
discuss the management systems that help facilitate organizationalleaming. 
The next section reviews the issue of technology since it is closely related to 
organizational learning. As cited earlier, learning is a key factor that helps companies 
accumulate technology by the innovation processes within the company or by an 
acquisition from external sources. The following section explains the 
benefits/disadvantages of technology and its impact on organizational issues. 
2.3 Technology 
The term 'technoiogy' is rather ambiguous as it has been used with a large 
variety of meanings (Huczynski & Buchanan, 1991). For example, Winner (1977), a 
frequently referenced commentator on modem technology, identifies three different 
uses of the term 'technology'; apparatus, technique, and organization. Apparatus is 
related to the physical devices that are used to accomplish a variety of tasks. 
Technique refers to the technical activities that are performed by people in order to 
achieve particular purposes. Organization is the social arrangements that are created to 
7 
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achieve technical ends. This study makes use of the word 'technology' by referring to 
the first two contexts. The definition which is most useful and thus adopted in this 
study is "the sequence of physical techniques used upon the workflow of the 
organization; the concept covers both the pattern of operations and the equipment 
used" (Pugh and Hickson, 1976). 
There are both pessimistic and optimistic views regarding the adoption of 
technology. The potential drawbacks have been cited as the dehumanization of work, 
deskilling, and loss of employment (Braverman, 1974; Merton, 1947). The popularity 
of this notion has been partly due to the claims of vendors that investment in their 
equipment will be repaid by allowing companies to reduce the need for labour and by 
replacing expensive skilled labour with cheap unskilled labour (Storey, 1994). These 
negative views are counterbalanced by the various claims of benefits of technology. 
Among the many cited benefits are, for instance, the replacement of dangerous 
and boring jobs, removing problems of human errors, upgrading skill requirements and 
teamwork (McLoughlin & Clark, 1988; Pugh and Hickson, 1976; Huczynski & 
Buchanan, 1991). Pfeffer (1994) discusses the increasing skills required. by 
technology: 
More skills may be required to operate the more sophisticated and 
advanced equipment, and with a higher level of investment and employee, 
interruptions in the process are increasingly expensive. This means that the 
ability to effectively operate, maintain, and repair equipment- tasks all 
done by first line employees- becomes more critical (Pfeffer, 1994, pp. 9 ~ ~
28). 
A higher level notion IS that technology is a competitive weapon and 
investment in advanced process technology would strengthen the competitive 
advantage of manufacturers (Bessant, 1993; Cardone, 1993; Hass, 1987; Hayes and 
Wheelwright, 1984). Technological advances also hold potential benefits for 
improvements in all aspects ranging from quality, cost, flexibility, delivery, design and 
accuracy (Balan, 1994; Lei et aI., 1996). 
Regardless of which views are held on the benefits and disadvantages of 
technology, the implication is that technology has certain impacts on organizations, 
e.g. "Government agencies, technocrats, and manufacturing consultants are aware that 
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their radical automation schemes presuppose more fundamental reforms of 
organizational structure and managerial practice" (Jones, 1991). The next section 
addresses the various impacts of technological adoption on organizational issues. 
2.3.1 Impacts of technological adoption on organizational issues 
There exist two different notions on the impacts of technological adoption on 
organization. The first asserts that technology determines skills and organization 
structures. The other more moderate view is that technology does not entirely 
determine the organization, but has limited impacts on organization as it is dependent 
upon management decisions (Huczynski & Buchanan, 1991; Robbins, 1989). Not only 
is the latter view held more widely, it is more appropriate as it does not oversimplify 
the implications of technology. Based on this notion, it is thus important that an 
organization understands the needs and constraints of technology so that it can 
effectively adopt technological advances and integrate them into the organizational 
environment. 
The implementation of technology, especially advanced manufacturing 
technology (AMT), poses some challenges to the existing organizational infrastructure 
(Cutcher-Gershenfeld et aI., 1994; Maffei and Meredith, 1994). AMT is a generic term 
given to a range of systems that have become widespread in manufacturing industry as 
a result of their capability to provide a technological basis for improved quality 
consistency and increased productivity. The impacts of their implementation 
encompass various organizational elements such as human resource, work 
organization and control, reward systems, and communication (Bessant, 1990; Hayes 
and Jaikumar, 1988; Meredith,1986). 
First, the use of AMT generally demands greater workers' flexibility; for 
example, a flexible manufacturing system (FMS) requires workers to operate a range 
of machines rather than one large machine (Boer, 1994). Thus, workers need to be 
highly trained, multi skilled, and committed (Preece, 1995). The indirect support staff 
must be broadly skilled and capable of responding to various problems across the 
integrated system (Bessant, 1990). 
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In terms of impact on work organization, it needs to be adjusted in order to 
exploit the full benefits of the system's responsiveness and flexibility. Work 
organization should move from individual to group task design while control shifts 
from bureaucratic towards self-regulation based upon consensus in meeting common 
goals (Shani et aI., 1992; Tidd, 1994). Span of control tends to be smaller as it allows 
for quick response from managers in case a problem breaks out (Daft, 1989). 
The reward system and performance evaluation are the key tools that can be 
used to encourage new skill building and learning to maximize the benefits of 
technology. Performance evaluations will require more emphasis on the new set of 
skills that employees master, willingness to pursue change, flexibility, and ability to 
analyze problems (Miller, 1988). 
In terms of communication, the adoption of AMT provides an integrated 
manufacture which eliminates the barriers between functions (Snell and Dean, 1992). 
Lateral communication becomes the basis for information sharing and flexibility 
across functional boundaries (Goldhar and Lei, 1994). Therefore, communication is 
increasingly important to achieve effective integration within the organization. 
In order to achieve the full benefits of AMT, these impacts need to be dealt 
with by changing the organizational design so that it becomes more flexible and 
facilitates cross-functional and cross-firm integration. Cross-functional integration is 
important because it helps exploiting economies of scope and fast-response 
capabilities of technology by sharing the knowledge among functions (Lei et aI., 
1996). Organizational mechanisms that promote integration and flexibility should 
embody greater communication flow and responsiveness among the functions. These 
include, for example, semi-autonomous groups (Boer, 1994), multifunctional teams 
(e.g. Clark and Fujimoto, 1991), the use of integrators (Dean and Snell, 1991), and 
concurrent engineering (Bowonder and Miyake, 1993). As there is a variety of 
integrating mechanisms, the company should employ those which best suit their 
technology'S needs and existing culture. A combination of these mechanisms may be 
employed after careful consideration of the linkages with the greatest potential for 
organizational integration (Twigg et al., 1991). 
Cross-firm integration includes an open-system approach which creates a 
network of manufacturers, suppliers, and customers. It helps companies accomplish 
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maximum economies of scope and flexibility of technology, and increases 
responsiveness to environmental changes (Lei et aI., 1996). With or without 
technology, cross-firm integration has value on its own as it improves competitiveness 
by enabling companies to have the flexibility, creativity, coordination and scale 
associated with larger companies (Johnston and Lawrence, 1988). Companies working 
in a networked configuration can share their core competence and technical knowledge 
(Miles and Snow, 1986). While new technological tools (e.g. CAD/CAM and 
information technology) help facilitate inter-company integration, these technologies 
also need effective inter-company integration in order for their maximum potentials to 
be reached. 
In summary, the adoption of technology plays an essential role in enhancing 
competitive positioning of an enterprise. It also exerts significant influence on the 
organization and the people. When a company plans to adopt advanced manufacturing 
technology (AMT), it must take into account the organizational adjustments otherwise 
the transfer of technology may fall far short of its potential. 
2.3.2 Organizational vs. Technological changes 
Since organizational changes need to accompany technological adoption, an 
important question arises as to when a company should adjust its social system to 
accommodate technological adoption. In general, organizational changes can be 
managed in four ways: concurrent changes, technical-system first, social-system first, 
and incremental sociotechnical approach (Liker et aI., 1987). 
The concurrent approach involves radical transformation in both technical and 
social systems at the same time. Companies that adopted this approach were trying to 
avoid the pitfalls of the piecemeal approach to automation that have been addressed by 
many authors. Thus, they decided to take on a revolutionary approach to technological 
adoption and made adjustments in the social system at the same time. Liker et al. 
(1987) found that the organizational changes could be more destructive rather than 
constructive according to their study of an equipment manufacturer, and the potential 
costs of this approach could be substantial. 
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The 'technical-system first' approach involves adopting technology and then 
gradually changing the organizational system while the technological system began to 
stabilize. According to the same authors, the potential benefits of this approach accrue 
from a more effective technology implementation process as company resources can 
be devoted to one process at a time. Besides, the organizational changes could also be 
made without pressures created during technology implementation. However, it was 
observed that companies that made changes in their social system after introducing 
AMT failed to exploit the full potential of technology (Shani et aI., 1992). This 
approach also has a disadvantage due to the potential loss of synergistic relationship 
between social and technical changes. Based on the opinion that the design of 
technical system constrains the social system, it is argued that in the long run it will be 
most effective to plan both systems concurrently (Davis and Taylor, 1976). 
The 'social-system first' approach includes making changes in the 
organizational system prior to adopting technology. In this way, companies can focus 
on understanding the business process and social implications before diving into 
automation. According to Zygmont (1986), the experience of John Deere, Inc. which is 
a pioneer in large-scale flexible manufacturing systems (FMSs), indicates that 
appropriately designed and implemented organizational changes can lessen the need 
for radical technological change (Liker et aI., 1987). Another proponent of this 
approach is Tidd (1994), who referred to Japanese companies whose advantage of a 
capable workforce and open organizational system allows them to adopt less complex 
technology. This approach can also lead to a smooth technological transition; however, 
the drawback is that there is a risk of falling behind competitors that adopt AMT first. 
Thus it may be suitable for a company that has no urgent need to adopt AMT. 
The incremental sociotechnical approach is the process of gradually staging 
organizational and technological changes that are concurrently designed and 
implemented. This phased approach permits each system change to be planned more 
thoroughly and reduces resource constraints. Another advantage is that companies can 
secure participation in sociotechnical design from various levels thus ensuring higher 
success potential. This approach is also in line with the process of systemization, 
which involves the preparation for automation by improving the existing 
manufacturing process, i.e. 'correcting data records, simplifying production processes, 
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redesigning the product for automated manufacture'(Meredith and Hill, 1987). By first 
systemizing the technological system, it is easier to gradually adjust the organizational 
settings to accommodate further technological adoption. An additional advantage of an 
incremental approach is that it helps create an organization where change is the norm 
(Shani et aI., 1992). This option is also supported by Miller (1988) who asserted that 
the implementation of changes should be evolutionary in order to gain wider support 
and acceptance, as well as minimizing investment risk. 
The next section discusses the modem management practices which serve to 
integrate organizational and technological dimensions in order to create sustainable 
competitiveness. 
2.4 Management practices: historical perspectives 
As stated in Section 2.1, competitiveness can be derived from an integration 
between organization and technology in order to satisfy the requirements of the market 
environment. Management practice serves as a unifying framework to harmonize the 
organizational and technological dimensions of a company to ensure its smooth 
operation as well as to guide the process of organizational transformation. It has long 
been recognized that management makes a significant contribution to competitiveness 
as reflected in the long-term interest in the literature concerning the issue. 
The first part of this section explores the literature on competitiveness in 
manufacturing. In the 1970s the literature on strategic perspectives was mainly 
concerned with external factors as evidenced by the popularity of the Growth Share 
Matrix created by the Boston Consulting Group (BCG). The BCG model focused 
mainly on financial measures such as market growth and market share which were 
external factors to the organization (Naylor, 1980). 
The next decade (1980s) saw the shift in perspective from market growth to a 
more internal standpoint, and Porter's competitive strategy was a widely accepted 
model. He recommended an analysis of industry structure and competitive positioning, 
for which he suggested three generic strategies: overall cost leadership, differentiation, 
and focus. He asserted that companies needed to place emphasis on one of the three 
strategies in order to succeed (Porter. 1980). In a similar fashion, Slack (1991) 
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discussed five performance objectives including quality, dependability, cost, speed, 
and flexibility. He suggested that they might be traded off against each other as 
external performance objectives. Skinner (1974) also addressed the notion of the 
'focused factory' with the concept that no factory can be expected to perform well by 
every yardstick. 
The view of competitiveness based on focus implies that companies need to 
make tradeoffs between the various dimensions (Corbett et aI., 1993). Although this 
trend in competitiveness had shifted to a more internal viewpoint, it still focused upon 
the link between strategy and external environment. Most research into this area has 
been concerned with strategy implication and analysis of the organizational processes 
through which strategies emerge (Grant, 1991). 
During the 1990s, there has been a trend toward a more internal perspective as 
companies increasingly value quality as a main source of competitiveness. By focusing 
on quality, a company can exert more control over its own future, thus the managerial 
perspective is shifted from an external to an internal viewpoint. The focus on quality 
has also changed the view regarding options among various competitive strategies 
(Belohlav, 1993). Several authors contend that recent developments in management 
paradigms, such as total quality management and just-in-time manufacturing, have 
substantially changed the nature of the traditional tradeoffs among various strategies. It 
is now believed that it is possible to accomplish these goals simultaneously, and the 
ability to support several success factors concurrently is essential to realizing 
competitive edge (Corsten, 1995; Schonberger, 1986; Tidd, 1994). Evidence from 
leading Japanese companies have also pointed out that they aim to achieve all success 
factors without making tradeoffs (Dixon et aI., 1990). 
The next section addresses the roles of quality management as the modem 
practices which have opened up significant opportunities for companies to improve 
competitiveness in multiple dimensions. 
2.5 Roles of management practices in improving competitiveness 
Feigenbaum (1983), an early originator of the concept of total quality control, 
defines a quality system as: 
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A quality system is the agreed on, companywide and plantwide 
operating work structure, documented in effective, integrated technical and 
managerial procedures, for guiding the coordinated actions of the people, the 
machines, and the information of the company and plant in the best and most 
practical ways to assure customer quality satisfaction and economical costs of 
quality (Feigenbaum, 1983, pp. 14). 
He also states that a total quality system should have four characteristics. First, 
it views quality activities as continuous work processes froT"'} customer requirements to 
customer satisfaction. Nex[, it is the basis for the documentation that identifies the key 
quality activities so that they are communicable throughout the firm. Thirdly, a total 
quality system is the foundation for making quality activities manageable. Finally, it is 
the basis for the systematic improvements throughout the major quality activities. 
A total quality system employs an open system approach as it allows the 
organization to view its interaction with the environment as well as the relationships 
among internal components. It facilitates interaction with the external environments 
through the process of benchmarking and interacting with customers and suppliers. 
Benchmarking is an integral part of a total quality process that interacts with external 
organizations in order to learn from their best practices (Bank, 1992; Bendell et aI., 
1993). Interactions with customers and suppliers are also emphasized by a quality 
system, especially during the stage of new product development. Therefore, a total 
quality system allows the organization to be in touch with its environment. By 
facilitating this environmental interaction, a t o ~ a l l quality system integrates the strategic 
perspective with the internal perspective. 
In terms of the relationships among internal components, a total quality system 
coordinates among the various organizational subsystems by viewing quality activities 
as continuous work processes from customer requirements to customer satisfaction, as 
cited earlier in Feigenbaum's work. Of equal importance is its role in relating various 
organizational subsystems to facilitate organizational learning. 
A quality system plays an important role in organizational learning by making 
the learning process actionable and manageable (Ma, 1996). Figure 2.1 shows how a 
quality system facilitates organizational learning and leads to core competencies. 
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Stimulate 
organizationalleaming 
~ ~
Generate 
improvements 
~ ~
Document 
process changes 
~ ~
Transfer 
knowledge 
to organization 
~ ~
Accumulate 
to core competencies 
Figure 2.1 The role of quality system in facilitating organizationalleaming 
According to Fig. 2.1, a quality system stimulates an organization to learn by 
utilizing infonnation to analyze and solve problems as well as measure progress. This 
is evident from the systematic problem solving encouraged in ·most integrated 
management approaches. Another example is the process of benchmarking which 
utilizes infonnation learned from industry's best practices to establish rational 
improvement goals (Boxwell, 1994). 
Through the first process, improvement is generated as shown in the second 
box of Figure 2.1. At this step, a quality system not only generates improvements 
through learning, but it also emphasizes their continuity. This can be seen from the 
Deming's plan-do-check-action (PDCA) cycle which is widely adopted in most 
management concepts. It is generally emphasized that the Deming cycle should be 
followed in an indefinite circle in order to gain continuity. 
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Next, a quality system reflects the changes made from improvements by 
providing the means to document process changes. Once the improvements are 
assessed and doculnented, a quality system helps transfer knowledge to the rest of the 
organization by providing an integration throughout the organization (Ma, 1996). In 
TQM, there are several tools and techniques to facilitate communication both 
vertically and horizontally. For example, quality function deployment is a conceptual 
map that provides the means for interfunctional planning and communication in 
product development (Hauser and Clausing, 1988). 
These two steps are very important because the ful1 advantage of knowledge 
can only be realized if it is effectively stored and transferred so that it can be used by 
the right persons at the right time. Finally, the accumulated knowledge becomes core 
competencies which lead to sustainable competitive edge. 
As a result of organizational learning process facilitated by a quality system, 
improvement in technology is inevitable. This is generally accepted by a number of 
scholars, for example, "Building technological competencies is an emerging property 
that stems from learning" (Karnoe, 1996). Ishikawa (1985) also provided an example 
of technological edge generated by the leaming process within a quality system: 
"In our QCC we insist that the circle examine all operation standards, 
observe how they work, and amend them. The circle follows the new standards, 
examines them again, and repeats the process of amendment, observance, etc. As 
this process is repeated there will be improvement in technology itself 
(Ishikawa, 1985, pp. 151). 
Pavitt (1991) also suggested that the accumulated competencies of a company 
determines the range of possible choices of its technologies. Lei and Slocum (1992) 
asserted that continuous organizational learning that is focused on core competence 
_ allows a company to develop technologies and skills into future generations of new 
products. 
Hence, a quality system facilitates organizational learning which helps building 
technological capabilities. 
In summary, the two elements of organization and technology interact with 
each other. While organizational learning : : r \ ? a t ~ s s technological growth. technological 
adoption induces organizational changes. As illustrated in Figure 2.2, a quality system 
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serves as an effective link between the two because: (1) it stimulates organizational 
learning that eventually leads to technological capabilities, and (2) it helps facilitate 
the process of organizational transformation that is necessary for technological 
implementation. 
Integrated 
Organization __ M_an_a ..... g " - e _ m ~ e ; . - n _ t t__ '..::::.. Technology 
" 
Figure 2.2 Interactions between organization and technology as facilitated by a quality 
system 
Modern management practices such as total quality management and just-in-
time share the characteristics of a quality system. These practices are integrated as they 
span all the functions within an organization and extend to suppliers and customers. As 
discussed above, they have the characteristics which facilitate organizational 
development and sustainable competitiveness. Therefore, this study will 
interchangeably use the term integrated management system, quality system, quality 
management system, and competitive practice. 
The next section concerns the various types of competitive practices and shows 
that they have many common characteristics. 
2.6 Various management practices 
The approaches that are claimed to support various success factors 
simultaneously are the integrated management concepts which were originated under 
different names such as lean production, world-class manufacturing, kaizen, just-in-
time (JIT) manufacturing, and total quality management. Over the years they have 
received considerable attention both from fieldwork and research work due to the 
increasing needs for companies to survive and compete successfully in the global 
market. This section reviews the studies pertinent to competitive practices, analyses 
and discusses their findings, and identifies areas which remain to be explored. 
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2.6.1 Lean Production 
Lean production is the term labeled by the team of the MIT research project 
known as the International Motor Vehicle Program (IMVP), which investigated 
productivity and management practices in the world automobile industry involving 52 
vehicle assembly plants in fourteen countries. Its results indicated a significant gap in 
quality and productivity between the Japanese assemblers and the others. It was also 
discovered that the Japanese were developing new products in much less time than 
their Western counterparts (Womack, Jones and Roos, 1990). The authors asserted that 
the superiority was the result of lean production, whose name was on account of the 
fact that it used less of everything as compared with mass production; for example, 
less human effort, less manufacturing space, and less tool investments. To put it 
simply, lean production is a process that optimizes the relationship between 
organizational resources, human, and the output in order to maximize customer 
satisfaction and profits (Juliard, 1997). 
According to Womack et al. (1990), the main characteristics of lean production 
involve a combined system of work practices including close links with customers, 
close cooperation with suppliers, lean manufacturing operations with low work-in-
process inventories and small-batch JlT production that expose operational 
inefficiencies and wastes in the manufacturing process, team-based work organization 
involving flexible and multi skilled workers with broad responsibilities, active 
shopfloor problem solving for continuous improvement, and cross-functional product 
development teams (Calkins and Cooper, 1997; Cutcher-Gershenfeld et aI., 1994; 
Sohal and Egglestone, 1994). 
The benefits of lean production are commonly cited as, for instance, better 
market 'positioning, improved customer relationship, improved quality, increased 
flexibility, lowered cycle times, and higher productivity. Examples of companies that 
have gained from implementing lean production include the Japanese lean production 
plants in the study of Womack et al. 's, DuPont (Billesbach, 1995), McDonnell 
Douglas Helicopter Systems (McGlothlin et al., 1997). 
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2.6.2 World-class manufacturing (WCM) 
The term . "world-class manufacturing" was first used by Hayes and 
Wheelwright (1984) to describe companies achieving global competitive edges 
through manufacturing capabilities. There were a number of practices cited by the 
authors as critical including workforce development, technically competent 
management, emphasis on quality, worker participation, and modern technology. 
Schonberger (1986) further developed these concepts while providing many case 
studies of world-class companies in the USA. Besides discussing the concepts 
advocated by Hayes and Wheelwright, Schonberger also addressed the development of 
supplier relationships, product design, total quality control (TQC), just-in-time (JIT) , 
and total preventive maintenance, as dominant world-class manufacturing precepts. In 
a way, world-class manufacturing represents an attempt to combine the advantages of 
other practices in order to reach continuous and rapid improvement. Thus its benefits 
are those which can be achieved from the other practices to be discussed in the 
following sections. 
2.6.3 Just-in-time manufacturing (JIT) 
Just-in-time manufacturing has been widely known in Japan since the 1970s as 
the Toyata Production System. It was originated at Toyota by T. Ohno and Y. 
Monden. According to Ohno (1984), the two pillars of the Toyota production system 
are: 'right on time' and automation. The right-on-time system is the approach in which 
production is pulled through the system as and when it is needed. Automation refers to 
the system with built-in functions to prevent the production of defective parts and to 
automatically check on damage to the machine. 
Although the early concept of the Toyota Production System was focused on 
the production line, it has been expanded to become the present approach called the 
just-in-time system, which still suffers from a lack of consensus about its meaning, at 
least on the part of manufacturing organizations. While some managers view it as a 
near total system of continuous improvement, others simply regard it as only the 
kanban pull system (Storey, 1994). Among the good number of authors favoring the 
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larger scope of JIT meanings, it is regarded as a complicated philosophy comprising 
various teclmiques to improve productivity, reduce waste, and achieve continuous 
improvement (Safayeni et aI., 1991; Tincher, 1995; Voss, 1987). According to Voss 
(1987), its teclmiques include those relating to manufacturing (e.g. cellular 
manufacturing, setup time reduction, and pull scheduling), production/material control 
(e.g. lIT-MRP, and schedule balance and smoothing), intercompany lIT (e.g. single 
sourcing, supplier quality certification, point-of-use delivery), and organizing for 
change (e.g. quality, continuous improvement, enforced problem solving, and 
workforce involvement). 
The benefits of lIT include, for example, enhanced quality, higher productivity, 
reduced cost, decreased lead time, improved flexibility (Meredith, 1987; Monden, 
1983; Schonberger, 1986). 
It should be noted that lIT has been included III many other competitive 
practices such as world-class manufacturing (Schonberger, 1986), lean production 
(Womack et aI., 1990), and kaizen (lmai, 1986). In this sense, it may be interpreted 
that the promoters of these practices view JIT in a narrow context, or it may be natural 
that the later approaches tend to embrace older approaches under their umbrellas. 
2.6.4 Total quality management (TQM) 
TQM is a comprehensive set of management philosophies, management tools, 
and improvement methods which is widely regarded as one of the most powerful tools 
for enhancing organizational competitiveness and company-wide quality success. 
Originating in the USA and first appreciated in Japan, TQM has now been globally 
recognized, and has been applied in various types of organizations including 
manufacturing, service, and higher education. 
Over the years, TQM has attained such popularity that nUllIerous new 
teclmiques and studies have been developed. Examples of recent ideas that emerge 
from the TQM concept are the consolidation of TQM and breakthrough thinking (e.g. 
Hofferr et aI., 1993; Carty, 1995; Medina, 1996); the integration of TQM with other 
quality systems such as ISO 9000 (e.g. Castle, 1996); linked policy deployment which 
is an evolution of the policy deployment approach (e.g. Zurn, 1996); and the 
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development of software support such as an integrated quality assurance system (e.g. 
Alexandru and Branici, 1995; Heredia et aI., 1996) Considering these various 
developments, it can be concluded that TQM has grown to a mature management 
philosophy that is still increasing in dimensions. 
Since the concept of total quality management has been expanding in both 
research and practices over time, it is difficult to construct a single definition for it. 
Rather than defining TQM, it would make more sense to identify its common elements 
which emerge from the literature. These elements can be arranged into a structure of 
TQM such as that explained by Kano (1993), who presented it in a brief and 
understandable format as shown in Figure 2.3 ('the House ofTQM'). 
According to Figure 2.3, the roof shows customer satisfaction as the purpose of 
TQM, and the base is the intrinsic technology that is the driving technology specific to 
an industry. The floor represents the motivational approach necessary to create the 
conditions that will impel management and employees to take up TQM activities. 
/ Customer . Satisfaction ~ ~ Purpose 
Concepts Technique Vehicles 
Tools 
Motivational Approach I Motivation 
/ Intrinsic Technology ~ ~
Figure 2.3 Kano's House of TQM (from Kano, 1993) 
The three pillars are the concepts, techniques, and promotional vehicles. The 
concepts represent the approaches for proceeding from a particular perspective when a 
given intrinsic technology and motivation already exist. They consist of both a theory 
of quality (e.g. next-operation-as-customer concept (NOAC), quality as the satisfaction 
of customer), and a theory of management (c.g. the PDCA cycle). The second pillar 
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stands for the techniques, which are the actual activities based on these concepts. 
Examples of techniques are the seven QC tools and statistical methods. Finally, the 
promotional vehicles are the methods for effectively promoting all the activities. 
Examples of such vehicles are policy management, daily management, and quality 
control circles. 
In order to identify the common elements of TQM emergmg from the 
literature, the work of quality advocates and practitioners are reviewed in Table 2.2. 
Deming (1986) originally approached quality management from a statistician's 
perspective, and then expanded it to his 14 principles of quality management aimed at 
creating an environment in which statistical methods would be effective. 
Table 2.2 Requirements for effective quality management emphasized by selected authors 
Deming's 14 points' luran's 10 steps to 
quality improvemenrl 
I. Create constancy of I. Build awareness of the 
purpose needs for improvement 
2. Adopt the philosophy 2. Set goals to improve 
3. Cease relying on mass 3. Organize to reach goals 
inspection (found a quality council, 
4. Do not award business identify problems, select 
on price projects, appoint teams. 
5. Improve constantly designate facilitators) 
6. Institute training on 4. Provide training 
the job 5. Carry out projects to 
7. Institute leadership solve problems 
8. Drive out fear 6. Report progress 
9. Breakdown barriers 7. Give recognition 
10. Eliminate slogans 8. Communicate results 
II. Eliminate numerical 9. Keep score 
quotas for the work- 10. Maintain momentum by 
force and numerical making annual improve-
goals for management ment part of the regular 
12. Remove barriers of 
pride of workmanship 
13. Institute vigorous 
programs of education 
and retraining 
14. Encourage total parti-
cipation to achieve 
the transformation 
processes 
Crosby's 14 steps 
to quality improvemenrl 
I. Management commitment 
2. Quality improvement team 
3. Quality measurement 
4. Cost of quality evaluation 
5. Quality awareness 
through comm'unication 
6. Corrective action 
7. Committee for the Zero 
Defects Program 
8. Supervisor training 
9. Zero defects day 
10. Employee goal settings 
II. Error cause removal 
12. Recognition 
13. Quality councils 
14. Repetition of the 
program 
Sources: 'Deming (\986), 2Toone (1994), 'Crosby (1979), 41mai (1986) 
Ishikawa's lists4 
I. Company-wide quality 
control, with all employees 
participating 
2. Emphasis on education 
and training 
3. Quality control circles 
4. Total quality control audits 
5. Application of statistical 
methods 
6. Nationwide TQC 
promotion 
From a practitioner'S as well as an academician's viewpoint, Juran (1992) 
stresses beth the management and technical aspects. Having been in the position of top 
management himself, his approaches emphasize the strategic side of quality planning, 
quality audits. and t h ~ ~ systems approach to managing quality throughout the 
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organization as reflected in the Juran's Trilogy (Juran. 1992). Another example of his 
work includes the Juran's 10 steps to quality improvement as shown in Table 2.2. 
Crosby (1979) is another quality proponent who has gained his experiences 
from industrial practices. He most notably addresses the human, cultural and 
behavioral aspects of quality management. He also stresses the concepts of 'doing 
things right the first time' and 'zero defect'. His fourteen steps of quality improvement 
program is summarized in Table 2.2. 
Ishikawa (1985) has played a crucial role in developing the quality control 
movement and quality control circles in Japan. As a leader in quality control circles 
and employee participation, he is well known for inventing the cause-and-effect 
diagram (or the fishbone diagram, and Ishikawa diagram) used for diagnosing quality 
problems. He has listed six features as characterizing the TQM movement in Japan, 
which is displayed in Table 2.2. 
According to the literature, the common elements of TQM include: total 
employee involvement, human resource development, continuous improvement, 
application of statistical quality control techniques, and the focus on custOlp.ers and 
suppliers. 
(a) Total employee involvement 
It is emphasized by all quality practitioners that total employee involvement is 
necessary at all levels of organization in order to achieve the quality goals. This is 
accomplished in TQM by giving employees more authority and responsibility in their 
work. Further, effective coordination is necessary throughout the organization from the 
top executive to the shop floor in order to gain employee commitment. There are 
various TQM promotional vehicles that facilitate communication such as policy 
management, quality control circles, and suggestion system (Kano, 1993). 
Some quality experts (e.g. Ishikawa, 1985) emphasize the importance of 
employee involvement at the shopfloor level. Being the owner of the processes, 
workers can greatly contribute to the problem-solving and incremental improvement 
activities. 
(b) Human resource development 
TQM is seen as having the potential to improve industrial democracy (Hill, 
1995; Wilkinson and Willmott 1<)95). Its advocacy of empowerment is a commitment 
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to creating the organizational environments that are humanistic (Mohanty, 1997). This 
can be seen through the opportunities for participative decision making, employee 
ownership of the process, and the commitment to human resource development. 
TQM develops and manages human resources by constructing a'1d maintaining 
an environment for both personal and organizational growth. Education and training is 
an important element that enables employees to perform the ambitious tasks of 
continuous improvement. Feigenbaum (1983) described the two requirements that 
make education and training effective: (l) quality education must be job-related, and 
(2) it must be an integral part ofTQM. 
(C) Continuous improvement 
Continuous improvement is a fundamental objective of TQM. It is the concept 
that was once challenged by business process reengineering (BPR). While BPR can 
help companies achieve a quantum leap in improvement by a radical redesign of 
business processes, it exposes the initiators to high risks (Allender, 1994), and could 
cause antagonistic feeling for employees for fear of being discharged (Tienthai, 1995). 
Total quality improvement, on the other hand, seeks cooperative relationship that helps 
secure employee commitment to continuous improvement. Although its incremental 
approach may take longer to accomplish, it has been observed that companies which 
select the incremental approach can eventually master a major change (Hayes and 
Wheelwright, 1984). Hence, it is suggested that the best approach to competitive 
progress is to adopt an incremental approach until a breakthrough occurs (e.g. 
Allender, 1994; Elzinga et al. 1995; Hayes and Wheelwright, 1984). In this sense, BPR 
could be incorporated within the TQM framework of continuous improvement. 
(d) Application of statistical quality control techniques 
It can be stated that TQM has developed from the application of statistical 
techniques since its early developers (e.g. Deming, Feigenbaum, Ishikawa) began with 
the interests in quality control. There are a large number of statistical techniques 
available within TQM which systematically help detecting variations, solving 
problems, and tracking progresses. Some of these tools and techniques are widely used 
even in companies which do not adopt TQM. 
(e) Focus on customers and suppliers 
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Quality practitioners emphasize the need for the concept of internal and 
external customers. It is based on the notion that throughout the organization there 
exists a chain of customers and suppliers ultimately striving to achieve the satisfaction 
of external customers. A worker receives a job from an internal supplier, adds his 
contribution to it, and sends it to his internal customer. The objective is to meet the 
requirement of the internal customer, and create a chain of quality throughout the 
organization. In this sense, there needs to be measurement and feedback all through the 
chain of relationships. 
Cooperative supplier relationship is also emphasized by well known quality 
practitioners, especially Deming (1986). The work of some other authors has been 
particularly dedicated to the subject of strategic supply management (e.g. Bhotes, 
1989). 
In addition to these five main elements, there are many more components of 
TQM as stated earlier. Over time, more tools and techniques seem to emerge with 
increasing applications and developments. In the course of this, an important theme 
runs through the literature concerning which are the critical elements to TQM success. 
This issue will be addressed in the next section. 
2.6.5 Relations among various TQM components 
It is generally agreed that the components of TQM implementation are a blend 
of tangible and intangible factors (Thiagarajan and Zairi, 1997; Wilkinson et aI., 
1992). According to Thiagarajan and Zairi (1997), the tangible factors are the tools and 
techniques that influence internal efficiency (e.g. statistical process control, cost of 
quality), and external effectiveness (e.g. tienchmarking and customer surveys). The 
intangible factors emphasize customer awareness and employees' sense of 
responsibility for quality (Hill, 1995). They are the issues that impact on company-
wide support and involvement towards quality goals. These factors are implicit and 
difficult to measure. 
Based on this classification, many authors are particularly interested in the 
critical elements which drive TOM success. Although the results vary among studies. 
the intangible factors are often emphasized as crucial to successful T Q ~ l l
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implementation. For instance, Powell (1995) developed a set of twelve measures of 
TQM from an exhaustive literature review, and found that competitive edge relied on 
'certain tacit, behavioral, imperfectly imitable features', consisting of a culture 
receptive to change, top management commitment, and employee involvement. 
Similarly, Ahire et al. (1996) also investigated quality management in the TQM versus 
non-TQM firms through an empirical survey of 359 companies in the U.S. automobile 
part industries. Using the ten TQM constructs developed and tested by the authors, it 
was found that a company can achieve high quality performance through a "good 
management" philosophy without formally launching a TQM campaign. The results 
also referred to the importance of intangible resources such as top management 
commitment and employee empowerment. 
Examples from several case studies also point to tacit factors as being critical 
to TQM success. For instance, British Steel Narrow Strip's Ayrton Godins profiling 
plant has found that cultural change was a critical approach to successful TQM 
adoption (Thomas, 1995), and Computer Products Asia-Pacific Ltd. (PCAP) in Hong 
Kong realized that a key to its competitiveness was the strong culture that encouraged 
continuous improvement (Lo, 1997). Other intangible resources that are cited in actual 
applications as significant to successful TQM include executive commitment (e.g. 
Goffin and Szwejczewski, 1996), employee involvement (e.g. Schmidt et a!., 1995; 
Svetec, 1995), and communication (e.g. Gronstedt, 1996). 
On a similar ground, many researchers assert that TQM is increasingly being 
used as a managerial attempt at cultural transformation (e.g. Dawson, 1994; Tuckman, 
1994). The classic definition of culture is put forward by Hofstede (1980) as being the 
collective programming of the mind that distinguishes the members of one human 
group from another. In terms of organization culture, many definitions are based on the 
notion that it is a set of shared meanings that make it possible for group members to 
interpret and act upon their environment (Schein, 1984). In this context, TQM helps 
transforming the organizational culture by influencing the organizational routines and 
daily operational tasks in such a way that the desirable values and behaviors are 
instituted toward continuous improvement. 
Van Donk and Sanders (1993) assert that the knowledge and understanding of 
organizational culture is necessary in managing quality: 
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... [organizational culture] is a starting point for formulating a quality 
management policy and selecting an appropriate way of implementing it. In 
some cultures it will be obvious that the approach of Juran or Crosby will yield 
success, while in other cultures the approach of Deming will be needed. 
Moreover, ... , knowledge of the actual culture provides information for where 
change is needed and where it is not (Van Donk and Sanders, 1'193, pp. 14-15) 
Thus, organization culture is found to be a determining factor in TQM 
implementation as well as other implicit factors such as management commitment, 
employee involvement, and communication. 
From the review of the literature, it can be suggested that the intangible 
resources tend to be the critical factors in TQM success. While effective manipulation 
of these implicit factors is essential to the accomplishment of quality goals, it should 
be noted that TQM implementation will not be completed without the operational tools 
and techniques. As cited by Hogg (1993), Harry Roberts of University of Chicago put 
it, "TQM comprises much more than statistics but without statistics it can be a lot of 
smoke and mirrors." These 'hard' factors are the activities that track the path towards 
achieving quality goals, and they are needed as basic elements as shown in the Kano' s 
House of TQM (Section 2.6.4) as the two pillars of techniques and promotional 
vehicles. 
2.6.6 Benefits of TQM 
Numerous articles have been written about the benefits of TQM. Besides 
enhancing operational efficiencies and quality, TQM helps in facilitating continuous 
improvement process; enables organizations to become flatter, leaner, and more 
flexible; and helps them to achieve faster response to changing markets (Hill, 1995; 
McQuater et aI., 1994). Besides improving quality of products and processes, several 
industrial applications have also successfully used TQM to regain their technological 
superiority. For example, Xerox and Motorola have emerged as leaders in their 
industries as a result of implementing TQM (Leo, J 996; Wason and Bhalla, 1994). 
As stated in Section 2.1, companies need to integrate their organizational and 
technological elements in order to succeed and groW prosperously. In this sense, TQM 
provides a concrete approach that helps in bridging the two factors. It may be regarded 
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as the systematic interaction of human systems with technologies (Mohanty, 1997). Its 
practices of continuous improvement and human resource development make it 
possible for companies to achieve breakthrough in performance (Hayes and 
Wheelwright, 1984). 
TQM also has a structural mechanism that is equipped with the organizational 
requirements necessary to help companies exploit the full benefits of technologies. It 
allows for effective utilization of technologies by facilitating organizational 
integration. For example, CAD/CAM requires integration across design, engineering, 
and manufacturing. TQM's Quality Function Deployment technique is a vehicle to 
incorporate various functions in product development, thus satisfying the needs for 
integration required by CAD/CAM. It has also been asserted that TQM and computer 
integrated manufacturing (CIM) complement each other (Jacobs and Clemson, 1994). 
2.6.7 ISO 9000 
The ISO 9000 quality system series is another approach which is gammg 
increasing attention in recent years. It has greatly contributed to manufacturing society 
by helping to promote worldwide quality awareness. 
ISO 9000 is a set of five quality system standards (ISO 9000-9004) that 
establishes requirements for the management of quality (Yung, 1997). Up to the 
present, the need for registration has been addressed in a number of articles by 
consultants and practitioners (Morrow, 1993; Hutchins, 1993; Ferguson, 1994; 
McFayden, 1992). However, systematic analysis on its effectiveness has been 
somewhat limited. Examples of empirical studies on ISO 9000 include the significance 
of complying with ISO 9000 standards (Haug, 1994), the motivation for adopting ISO 
9000 (Wolak, 1994; Meegan and Taylor, 1995; Mahesh, 1994), the registration 
process and experience (Withers and Ebrahimpour, 1996), the costs and benefits of 
certification (Wolak, 1994; Atwater and Discenza, 1993; Rayner and Porter, 1991), 
and the effects of registration on business performance (Mann and Kehoe, 1994). 
One of the most important research themes concerning ISO 9000 is its 
contribution to continuous improvement, i.e. whether it can be used as a path toward 
TQM. This issue will be discussed in more detail in Section 2.10.6 
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2.7 Comparisons between various management practices 
As cDmpanies are continually searching for the best practices which enable 
them to gain competitive edges, a number of management paradigms have emerged in 
recent years, many of which are the combinations of existing practices. For example, 
both world-class manufacturing and lean production incorporate TQM and JIT as the 
major elements of their practices. Business process reengineering (BPR) and 
concurrent engineering are similar to the process emphasis in TQM as they emphasize 
the importance of developing cross-functional approaches to the design and delivery of 
products. Some authors even call BPR a repackage of TQM ideas (Wilkinson and 
Willmott, 1995). 
In a similar vein, agile manufacturing emerges as a practice which helps a 
company gain the speed and flexibility to cope with a fast-changing environment by 
assimilating the concepts of TQM, lIT, and lean production (Abair, 1995; Nagel and 
Goldman, 1993). S o ~ e e of the latest trends that have recently emerged in the literature 
are. for example, manufacturing synchronization, which claims to help companies 
achieve several success factors at the same time (Stillman, 1996); and business process 
management, which is a combination of TQM and reengineerillg (Elzinga et aI., 1995; 
Newin, 1996). 
There are many similarities between the various types of competitive practices. 
First of all, they share the same objectives of customer satisfaction and sustainable 
competitive advantage. They provide the capabilities to support several success factors 
simultaneously as to be discussed in the next section. As management philosophies, all 
of them hold the principles that nurture a culture of change and improvement. They are 
highly integrative since they include wide areas of responsibilities extending 
throughout and across the organization. They are based on the idea of cooperative 
industrial relationships which applies to all partners especially labor unions, suppliers 
and customers. They use integrated quality assurance systems through the concept of 
internal customers and other elements such as 'fool-proof systems. They aim to 
achie\"e continuous impro\'ement through teamwork and systematic problem solving. 
Finally. they place more emphasis on human resource management in temlS of 
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training, delegation of authorities, reward and motivation, and they claim to be more 
considerate to employees' needs and well being. 
In short, these practices are compatible and represent different aspects of a 
modem manag-ement paradigm. It should be noted that most publications tend to 
concentrate on only one approach, and this creates problems especially when there are 
attempts to isolate the crucial characteristics that are perceived as making the real 
difference (Storey, 1994). 
2.8 Benefits and disadvantages of quality management 
The implementations of these integrated management practices are beneficial 
to the organizations in many respects. First, quality is enhanced due to the concepts of 
waste avoidance and continuous improvement. Costs are reduced and productivity is 
higher as a result of effective organizational integration, continuous improvement, and 
waste elimination (Schonberger, 1986). Flexibility is increased because of 
organizational integration and effective ~ e a m w o r k . . Lead time is lowered due to 
organizational integration, teamwork, and integrated product development. 
There have been a number of negative opinions relating to these competitive 
practices, for example, TQM is criticized as extending management control and 
introducing management by stress. As Wilkinson and Willmott (1995) put it, "TQM 
requires employees to be responsible for managing the 'quality' of their individual 
contributions; and, relatedly, to accept and internalize fonns of surveillance and 
control that monitor their activity and commitment"(pp. 9). 
Some authors contend that worker empowennent was perceived as intensifying 
work without giving workers the decision-making authority (e.g. McArdle et aI., 1995) 
Similarly, Webb (1995) regards employee participation as an object of 'managerialist 
and immoral expediency.' Lean production is also a subject of criticism on similar 
charges. It is perceived as leading to job losses, work intensification, and high level of 
stress (e.g. Garahan and Stewart, 1991). 
Most of these criticisms come from the social scientists and humanists with 
interests in the issues of humanism. An interesting point made among the negative 
views is that the failure of a quality program may be due to its faulty underlying 
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assumptions rather than the deficiencies of those responsible for its implementation. 
For example, Kerfoot and Knights (1995) argue that there is a contradiction in the 
assumption regarding employees, i.e. their obedience to the introduction of a quality 
program contradicts with their expected creativity. However, 'obedience' is a rather 
strong word when considering that companies need to make tremendous efforts in their 
preparations in order to gain employees' acceptance of the programs. 
It is rather difficult to justify the real implications of the criticisms as many of 
them are based on subjective opinions and case studies. As Storey (1994) points out, 
there is a general absence of detailed empirical data regarding TQM implications on 
employment relations at work. Despite these negative comments, it is not necessary to 
deny the benefits of the competitive practices as the systems that have been surpassed 
also have problems of their own. Besides, the new practices have been shown to help 
companies gain simultaneous competitive goals like quality, cost, and flexibility while 
paying attention to the social organization. Therefore, the important issue is how to 
adopt the new approaches in such a way that they improve customer satisfaction while 
enhancing the quality of work life, as has been achieved in successful companies. 
The next section reviews the various researches on quality management, with 
particular emphasis on the systematic research on TQM. As a result of the literature 
review, research areas are identified that need to be further explored. 
2.9 Research on quality management 
This section discusses the research on quality management. In general, 
publications on quality management have been found to be written by three parties: 
consultants, practitioners, and researchers. First, the literature abounds with those 
written by consultants with particular interests in promoting the practices. Some of 
them present examples of successful cases, but are usually not very detailed. These 
articles are mostly general and lack the dimension of systematic analysis. Their 
inherent values lie in the interests generated among the practitioners who wish to 
improve their operations. 
There are also a number of case studies presented by practitioners. These are 
often reported in more detail as the authors arc directly involved with the cases. Most 
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of these studies tackle the issues of the requirements for successful management 
practices and their benefits and limitations from the authors' experiences. For example, 
Svetec (1995) explains the experience of a multidisciplinary architectural/engineering 
company which implemented TQM and found that the key to its success is employee 
participation. Sardos (1994) reports the benefits of TQM in improving customer 
service. Other case studies discuss the guidelines for implementing management 
practices. For example, Thomas (1995) describes the approach toward total quality of 
a British steel company by its gradual institutionalization of a new corporate culture. 
The case studies written by practitioners are often based on a single company; 
therefore a comparative analysis between organizations is not practical due to the 
varying instrument used to measure success. 
Besides the two groups cited above, researchers have also taken vast interest in 
the field of quality management. Their presentations in the literature are the results of 
both case studies and systematic research design. Unlike those written by practitioners, 
case studies conducted on multiple companies are more common. These studies deal 
with a variety of issues such as the critical factors for successful quality m a n a g e m ~ n t t
implementation. Quazi and Padibjo (1997) examine seven manufacturing companies in 
Singapore in the use of ISO 9000 as a foundation of TQM. Other themes for in-depth 
case studies include the relationships between the best practices and competitiveness. 
For example, Gronstedt (1996) accomplished a 3-year international study of the role of 
communications at 20 U.S. and European leading TQM firms. Goffin and 
Szwejczewski (1996) identify common dimensions for management commitment in 
TQM found in six case studies of U.K. companies. 
Although these multiple case studies facilitate the comparison between 
organizations, the same problem still exists when there is an attempt to compare the 
studies of different researchers due to the variability of the measurement criteria. 
The systematic research on quality management encompasses numerous issues 
including those taken from an integrated perspective and specific types of quality 
system such as TQM and ISO 9000. 
Among the systematic research that is taken up from an 
integratedlinterfunctional perspective, one of the earlier studies was conducted by 
Garvin (1983) who explored 18 air-conditioning plants in the U.S. and Japan to 
33 
Literature Review Chapter Two 
identify the sources of product quality. He concluded that successful management of 
production process lies in the integrated system of quality management, including (I) 
program, policy, and attitude, (2) information system, (3) product design, (4) 
production/workforce policies, and (5) vendor management. 
Miyake, Enkawa and Fleury (1995) examined leading Japanese companies in 
their application of just-in-time, total quality management, and total productive 
maintenance. From the results, they suggested that the three paradigms can be used to 
reinforce each other, and that JIT, TPM, and TQM should be introduced stepwise in 
this sequence, and eventually applied simultaneously. 
Among the various competitive practices, those which have been most 
systematically studied are TQM and JIT. While JIT studies are mostly focused on its 
technical aspects, TQM investigations tend to take a wider scope including its various 
techniques and the softer side of socio-technical issues. In practice, lIT seems to find 
limited applications due to the difficulties in applying certain of its elements. For 
example, it is not possible for Thai companies to apply the point-of-use JIT delivery 
due to the notorious Bangkok traffic jams and suppliers' limited response capabilities. 
By comparison, TQM is much more recognized among the Thai industrialists. For 
these reasons, TQM researches are discussed in more detail in this study. 
2.10 Research on TQM 
Since its inception, TQM has been analysed from various angles in many 
different settings. Some of the current systematic research on TQM include national 
traits in TQM practices, the potential barriers to TQM implementation, the use of 
TQM techniques, the performance measurement of TQM success, the evolution of 
quality management, and the relationship between TQM and other quality systems. 
2.10.1 National traits in TQM practices 
Although it is still debatable whether national culture affects the ability to 
implement TQM programmes, the emphasis that each country places on certain 
activities has been shown to vary. For example, Miller et al.( 19(2) describe the past 
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and future emphases of quality activities in Japan, US., and UK. They are found to be 
different depending on each country's status. Lillrank (1995) examines the transfer of 
management innovations from Japan, and provides examples of its movement to other 
national settings. 
Harrington (1996) reports on a three-year international study which highlights 
the national traits in TQM practices between three groups of countries (North America, 
Europe (Germany), and Japan). It was found that the similarity lies in the strategic 
planning process that considers customer satisfaction, and a major difference is in 
Japan's emphasis on process simplification. Other differences are in new product 
design and the use of improvement tools. Japan and Germany take a lead over North 
America in product design that incorporates customer expectation, and Japan and 
North America use improvement tools to a greater extent than Germany. Although this 
study provides an overview of the practices relevant to each country, it does not assess 
the performa.!lCe of the companies under survey, making it difficult to evaluate the 
appropriateness of each country's applications. 
2.10.2 Potential barriers to TQM implementation 
Several studies have been undertaken to identify the potential barriers to TQM 
implementation. The knowledge of TQM barriers is valuable due to its practical 
implications for companies as it can be used as a necessary precaution to avoid the 
pitfalls. 
Ngai and Cheng (1997) identify the potential barriers to TQM implementation 
by using principal component analysis (PCA)and correspondence analysis (CA). 
Based on a comprehensive literature review and interviews with quality practitioners, 
they constructed a list of TQM barriers, and used PCA on the data collected from 179 
companies in Hong Kong. This resulted in four dimensions of the potential barriers: 
cultural and employee barrier, infrastructure barrier, managerial barrier, and 
organizational barrier. CA is then applied in order to corroborate the findings from 
PCA. Although the results indicate the relationship between the barriers, they do not 
provide information on the strengths or the precedence of the barriers speci fic to each 
situation. 
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Dale et al. (1997) identify the issues which impact negatively on the sustaining 
of TQM and group them into a TQM sustaining audit tool consisting of: 
internal/external environment, management style, policies, organization structure, and 
process of change. The tool was tested in six manufacturing companies, and most of 
the issues were identified as having impacts on the sustaining of TQM. 
2.10.3 The use ofTQM techniques 
A number of studies have been conducted to examine the use of TQM 
techniques. For example, Ahire et al. (1996) examine the applications of TQM 
techniques in TQM and non-TQM companies that manufacture automobile parts in the 
US. In an attempt to study strategic quality management in Asia, the USA., and 
Europe, Aravindan et al.(1996) found that most manufacturing firms have not widely 
applied modern techniques such as quality function deployment, which are imperative 
in effecting strategic quality management. Lascelles and Dale (1990) examined the use 
of TQM techniques in the U.K. motor industry. They pointed out the importance of 
continuous improvement in achieving the most effective use of TQM, and the dangers 
in using techniques in isolation and the over-reliance on particular techniques. 
Madu et aJ. (1996) empirically studied the perceptions of managers on the 
association between changes in quality dimensions (i.e. customer satisfaction, 
employee satisfaction, and employee service quality), and changes in organizational 
performance. Their study reveals that manufacturing finns tend to perceive more 
positive relationships between quality dimensions and organizational performance than 
service firms. While this study provides some insight into the perception of managers 
on the relationship between changes in quality dimensions and changes in 
organizational performance, it does not identify the actual quality practices in the 
companies and their relationship to organizational performance. 
2.10.4 The performance measurement ofTQM success 
In order to compare the findings of each study, it is important that researchers 
use a common set of performance measures. Due to the lack of such measurement 
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matrix, there has been an upsurge of interest in the issue of performance measurement 
of TQM success. The instrument measures are usually developed from comprehensive 
literature reviews and are empirically tested for validity and reliability. 
For example, Tamimi (1995) synthesized a set of 50 quality management 
practices from Deming's philosophy, and applied exploratory factor analysis to extract 
eight critical quality management practices. Powell (1995), as already mentioned in 
Section 2.6.5, developed a set of twelve measures ofTQM, and used it in his survey of 
critical factors in TQM implementation. Also mentioned in Section 2.6.5, Ahire et a1. 
(1996) constructed ten measurements that were subsequently used in their 
investigation of quality management in the TQM versus non-TQM finns. Because 
these instruments are empirically constructed and tested, they need to be repeatedly 
applied in different types of organizations in order to validate their usefulness. 
2.10.5 The evolution of quality management 
Another theme of TQM research is concerned with the evolution of quality 
management. There has been a number of publications on this topic as it is 
increasingly realized that managers should have some knowledge about its quality 
development stage so that they can plan for further improvement. A number of tools 
have been developed that help companies identify their levels of quality development. 
Crosby's Maturity Grid is an example of a simple tool that can be used to measure 
quality development (Crosby, 1979). According to the developer, the Grid consists of 
five stages: uncertainty, awakening, enlightenment, wisdom, and certainty. It can be 
used to develop long range programs in quality as it provides recommendations for 
improvement actions. 
Williams and Bertsch also proposed a five-stage model which was empirically 
derived from a multiple case study methodology involving eight companies in Asia, 
Europe, and the USA. Their model of growth toward quality maturity includes: top 
management consensus, company-wide education, problem solving, quality 
improvement management, and total control. 
Based on their data from 120 organizations, Gluck et a1.( 1980) of McKinsey & 
Company recommended a four-phase evolutionary model of strategic management. 
37 
Literature Review Chapter Two 
The first phase is basic financial planning that is characterized by the annual budgeting 
exercise and operational control. The second phase is the forecast-based planning that 
involves top management forecasting of environmental forces on alternative financing 
plaIls. The third phase is called externally-oriented plruming that involves competitive 
analysis in order to respond to market needs. The final phase is strategic management 
that involves the utilization of all organizational resources to create competitive 
advantage. 
Quinn and Cameron (1983) suggest four major stages of organizational 
development: entrepreneurial, collectivity, formalization and control, and elaboration 
of structure. Each of these stages are characterized by specific problems whose 
successful resolution leads the organization to the next stage. 
Although several tools have been developed for assessing organizational 
development, no research has been undertaken to determine how companies should 
advance based on their level of quality development (Mann, 1992). There is also a lack 
of publications concerning the relationship between the level of quality development 
and the effectiveness in transferring quality practices. 
2.10.6 TQM and other quality systems 
Among the studies on the relationship between TQM and other quality 
systems, one of the themes that attracts a great deal of interest is the issue of ISO 9000 
as a path to total quality management. 
Some authors believe that the ISO 9000 quality system does not encompass the 
principles of total quality or continuous quality improvement (Yates, 1992; Dusharme, 
1995; Binney, 1992). Binney (1992) asserts that ISO 9000 develops a culture which 
goes against the principles of continuous improvement and TQM. He believes that the 
route to quality should begin at a higher level approach such as TQM. 
Many authors believe that ISO 9000 is a foundation for continuous 
improvement and total quality management (e.g. Small, 1997; Merrill, 1997). 
According to Bettes (1995), ISO 9000 can be used as the first step toward total quality 
because. "the key elements of continuous improvement are already in place in the ISO 
9000 quality management system. in the forms of the internal audit cycle. management 
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review and corrective action." Quazi and Padibjo (1997) also found that some 
Singaporean manufacturing companies were able to use ISO 9000 as a stepping stone 
toward TQM. 
Among the other proponents of the ISO 9000 quality system are Ehnuti and 
Kathawala (1997). After making statistical comparison of the two plants of a large 
corporation, they conclude that successful implementation of ISO 9000 standards 
helps improve quality, productivity, export sales, and quality of work life. However, 
careful judgment needs to be made of this conclusion due to the small sample size and 
other compounding factors within the organizations. Another positive view toward 
ISO 9000 is that it contributes to creating a quality awareness. According to Yung 
(1997), although the attempt to incorporate some elements of total quality management 
in the revised version of ISO 9000 (1994) fails to move it towards the principles of 
TQM, ISO 9000 is still the first step in creating a TQM awareness environment. 
Another stream of opinion regards ISO 9000 and TQM as complementary to 
each other (e.g. Corrigan, 1994; Meegan and Taylor, 1995). Corrigan (1994) suggested 
an integrated approach to TQM and ISO, claiming that it should result in a mutual 
strengthening of both efforts. He stressed that it is essential to understand both 
approaches and their relationship to each other in order to ensure appropriate 
applications and achieve maximum benefits. Similarly, Dunstan (1993) stated that, 
"One should not try to compare TQM with ISO 9000; it is a matter of understanding 
both and seeing how they complement each other." 
As for the roles and relationships of TQM and ISO 9000, so far there has been 
no empirical examination on the comparative impacts of ISO 9000 certification and 
TQM implementation on business performance and on organizational-technological 
development. 
2.11 Business Excellence Model 
Although there are a large number of quality practices as discussed in earlier 
sections. there was a lack of real framework within 'Which to manage their 
implementation. 
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A recent initiative based on the European Quality Award (EQA) Criteria is the 
Business Excellence Model. It is a framework for the planning of business 
improvement that consists of the principles of business excellence which can be used 
for self assessment as well as assessment of performance against best practice. 
National and international quality awards such as the Malcolm Baldrige 
National Quality Award (MBNQA) and the EQA award play an important role in 
promoting and rewarding quality and business excellence. They may be used as a 
framework within which TQM can be measured. 
According to Hewitt (1998), the Business Excellence Model represents a 
philosophy that is fundamental to good management. The principles behind the 
philosophy of Business Excellence include: 
• Leadership and consistency of purpose 
• People development, involvement and satisfaction 
• Customer focus 
• Supplier partnerships 
• Process management and measurement 
• Continuous improvement and innovation 
• Public responsibility 
Essentially, Hewitt (1998) contends that the Model is a set of 'good 
management' concept around which a framework has been developed to enable these 
concepts to drive improvement within an organization. For many European 
organizations, the Business Excellence Model is the most effective means of 
measuring progress towards TQM, and many companies use self assessment 
techniques for that purpose. 
2.12 Research areas to be explored 
According to the literature, organization and technology are highly interrelated, 
and both dimensions need to be effectively integrated in order to achieve successful 
operations. It has also been found that management practices play crucial roles in 
hridg:ng the 1\>':0 elements. As there is a lack of systematic c\'idcnce, this study aims to 
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fill in the gap by exploring the impacts of quality practices (TQM, ISO 9000, both 
systems, and none) on the pattern of organizational-technological growth. 
Research Area: Investigate the influence of c:uality practices (TQM, ISO 9000, 
both, and neither) on the pattern of organizational-
technological development of Thai industries (Chapter 4) 
A review of the literature indicates that there is a need for more empirical 
research in the comparative performance of companies adopting different quality 
systems. This leads to the foHowing investigation. 
Research Area: Investigate and compare the impacts of quality practices 
(TQM, ISO 9000, both, and neither) on performance 
(Chapter 4,5) 
There is a limited number of publications concerning the relationship' between 
the level of quality development and performance. This study aims to make use of 
Thai manufacturing companies to identify the various stages of quality management as 
well as their corresponding performance. 
Research Area:. Investigate the relationship between the levels of quality 
development and performance (Chapter 4, 5) 
Finally, there is a need for more research on the relationship between the level 
of quality development and the effectiveness in transferring quality practices. Thus, the 
identification of the characteristics of organizations that successfully implement 
quality management is vital to achieving competitiveness. 
Research Area: Investigate the characteristics of Thai organizations that 
successfully transfer management practices (Chapter 5) 
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2.13 Summary of chapter 
This Chapter discusses a review of the literature concerning organization, 
technology, and management, and their relationship in helping compapies achieve 
competitive advantage. 
Section 2.2 explains the roles of organizational learning that influences 
competitiveness. Organizational learning is important as it leads to the accumulation of 
knowledge bases or core competencies. It not only helps companies achieve 
technological innovation, but it also shortens the leaming curve during the 
implementation of technology. 
Section 2.3 addresses the usefulness of technology and its impacts on 
organizational infrastructures including human resource, work organization and 
control, reward systems, and communication. In order to gain the full benefits of 
technology, organizational design needs to be adjusted so that it becomes more 
flexible and integrated. The issue of organizational versus technological changes is 
also discussed, and the literature review indicates that the incremental/sociotechnical 
approach seems most suitable for securing total participation. 
Section 2.4 deals with the historical perspectives of management practices 
from the 1970s to the present. It can be seen that the views toward competitiveness 
shifted from an externaVmarketing oriented to a more internal oriented viewpoint. 
Most notable is the 1990s' emphasis on quality that has enabled companies to succeed 
in multiple criteria. 
Section 2.5 refers to the roles of modem management practices in integrating 
organization and technology. It effects technological iImovation by stimulating 
organizational learning, and assists in the process of organizational transformation that 
is necessary for effective technological adoption. 
Section 2.6 reviews the various tyPt!s of management practices, namely, lean 
production, world-class manufacturing, just-in-time manufacturing, total quality 
management, and ISO 9000 quality system. When they are compared in Section 2.7, it 
is found that these approaches have a number of shared characteristics that make it 
possible to commonly discuss their benefits and disadvantages as illustrated in Section 
2.8 
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Section 2.9 reviews the researches on quality management in the form of case 
studies and empirical investigations. Particular emphasis is given to the research areas 
on TQM as revealed in Section 2.10. Section 2.11 provides a brief overview of the 
business excellence model. 
The review vf the literature identifies research areas that remain to be explored. 
The statement of the research problem and methodology are to be discussed in Chapter 
3. 
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Chapter 3 
Research Methodology 
3.1 Statement of Research Problem 
Chapter Three 
According to the literature, there are common elements pertaining to a number 
of competitive practices. These elements have been used in various contexts and 
cultures, and have been the subjects of research interest in the field of operations 
management. Among numerous research issues, one important theme is to explore 
whether the common elements of competitive practices are applicable in different 
settings. 
The main pUIposes of this research are to identify the evolution of the Thai 
manufacturing industries toward quality management and to formulate a framework 
for the transfer of quality management for the Thai manufacturing industry by building 
on existing theories of best management practices. 
The methodologies adopted in this study consists of both quantitative and 
qualitative methods. Quantitative studies mainly use empirical survey while qualitative 
methods deal with in-depth case studies. 
The quantitative study aims to: (1) find the empirical pattern of organizational 
and technological development, (2) test a number of hypotheses concerning quality 
management practices, with particular emphasis on total quality management and ISO 
9000, (3) recommend appropriate management practices for each stage of 
organizational-technological development. 
The qualitative study involves in-depth case studies of four manufacturing 
companies in Thailand and three companies in Japan. The aim is to verify the issues 
emerging from the first part by conducting detailed investigation on the dimensions of 
organization, technology, and management. It also identifies the critical issues in the 
transfer of management practices. 
This study is useful because the results provide an extension to existing 
theories on competitive practices by indicating whether the best practices applicable to 
the general Thai industries are similar to world-class practices. The results help explain 
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why and how similarities exist in these different contexts in terms of the relationship 
between organization, technology, and management. The final conclusion also 
provides some insights into the evolution of the Thai industries toward quality 
management, and recommends the necessary changes and prerequisites for successful 
performance. 
3.2 Research Method: Quantitative Analyses 
The importance of empirical research in the field of operations management 
(OM) has been increasingly recognized to help narrowing the gap between theory and 
practice (Meredith, 1993; Filippini, 1997). A number of researchers have complained 
that OM practitioners do not make use of research findings as they consider most OM 
research to be irrelevant, lacking, narrow, and impractical (Amoako-Gyampah & 
Meredith, 1989; Chase, 1980; Miller et aI., 1981; Sprague & Sprague, 1976; 
Westbrook,1995). Empirical research can help bridge this gap by bringing the 
researchers to the field. According to Swamidass (1991), empirical theory is "one that 
could be and must be subjected to tests using empirical observations, in comparison to 
a theory that could only be tested using deductive logic. The accumulation of empirical 
theory-building efforts should result in the development of OM knowledge and general 
theories which could be utilized to improve the practice of operations management 
across the board (Filippini, 1997; Swarnidass, 1991). 
Many researchers have highlighted the need to develop empirical research, 
with particular emphasis on that which utilizes surveys, in order to support theory 
building in the field of operation management (Cummings, 1977; Sullivan, 1982; 
Sprague, 1977; Swamidass, 1991). The term survey means, "a collection of data, 
information and opinions of a large group of units, referred to as a population" 
(Filippini, 1997, p. 665). The survey is by far the most widely utilized method of 
empirical data collection used by operation management researchers (Westbrook, 
1995). Survey research can have three aims: investigation, confirmation, or description 
of events. The investigation purpose refers to the determination of concepts which are 
related to a phenomenon. The confirmatory purpose involves testing of theory and 
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establishing relationships between variables. The description purpose describes events, 
opinions, and/or their distribution (Filippini, 1997). 
In this study, survey research is used for the purpose of investigation in order 
to determine which management concepts are related to the pattern of organizational 
and technological development of the Thai industries. It is also used to test a set of 
hypotheses concerning quality management and to provide a basis for the in-depth 
case studies. 
The methods used in this survey research consist of formulation of hypotheses, 
development of the survey instrument, collection of data, construction of an 
organizational-technological map (O-T map), and analysis of variance. First, 
hypotheses are developed in Section 3.2.1 concerning the issues of organization, 
technology, and management. After collecting data from the questionnaire surveys, an 
0-T map is used to reveal the general pattern of organizational change and 
technological innovation among the companies practicing quality management. Based 
on the general pattern, the companies are grouped into various categories according to 
. the 0-T characteristics and the types of quality systems. Analysis of variance is then 
conducted to determine the effects of quality systems on performance. Finally, the 
results of quantitative analyses are used to test the hypotheses. 
3.2.1 Hypothesis Development 
As revealed from the literature search, competitive advantage can be achieved 
through integrating technology, organization, and management. The best combination 
is to have a balance between organization and technology, which can be accomplished 
by management paradigms. One purpose of this research is to identifY the most 
suitable management practice(s) which bridge the organizational and technological 
dimensions. As total quality management emphasizes employee involvement while 
aiming for continuous improvement in the products and processes, it should provide an 
effective link between organization and technology. Therefore, proposition 1 and 
hypothesis I was formulated as follows. 
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Proposition 1: Total quality management (TQM) is one of the suitable management 
approaches which balance technology and organization and lead to improved 
performance and sustainable competitive advantage. 
Hypothesis 1 : Companies adopting TQM exhibit better performance than those 
without quality systems. 
The popularity of ISO 9000 has caused a great deal of controversy as reflected 
in the literature review. Although its many benefits have been cited, it has not been 
proved that ISO 9000 is a path to continuous improvement. Quality-related benefits 
are among the last reported by Thai manufacturers (Krasachol, Willey, and Tannock, 
1998). It is thus crucial that manufacturing organizations understand the benefits and 
limitations of ISO 9000 in order to progress to sustainable development. This led to 
Hypothesis 2 as follows. 
Proposition 2 : The adoption of ISO 9000 is generally of limited value on its own and 
does not necessarily !ead to continuous improvement. 
Hypothesis 2 : The level of performance of companies with ISO 9000 certificates is 
lower than or equal to that of companies adopting TQM. 
It is probable that most companies in Thailand will sooner or later need to seek 
ISO 9000 registration due to international pressure. However, if Hypothesis 2 is true, it 
is necessary that companies look beyond ISO 9000 and pursue continuous 
improvement in order to sustain competitiveness. Hypothesis 3 aims to provide a 
possible solution. 
Proposition 3 : The limitations of ISO 9000 quality system can be overcome by putting 
it in the context ofTQM. 
Hypothesis 3 : The level of performance of companies with TQM and ISO 9000 is 
higher than that of companies adopting only ISO 9000. 
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3.2.2 Data Collection 
In this study, the subjects of interest are companies practicing, or interested in 
practicing quality management. As the number of such companies is not available, 
data collection is conducted by purposive sampling, which is a form of non-probability 
sampling where cases are judged by researchers as typical of cases of interest. This 
technique is appropriate when sampling frames are unavailable or the population is 
widely dispersed (de Vaus, 1990; Dixon et aI., 1988; Salant and Dillman, 1994). 
To obtain the necessary information by purposive sampling, questionnaires 
were distributed to participants at seminars on total quality management organized by 
the Federation of Thai Industry and seminars on ISO 9000 organized by Thammasat 
University rather than randomly distributed to all the companies in Thailand. As these 
two organizations are well-respected among industrial practitioners and the 
participants are mostly from companies with keen interests in improvement, the data 
source should be relatively reliable. 
Out of 200 questionnaires, a total of 53 usable replies was received, 
constituting 26.5 percent response rate. The distribution of responses is shown in 
Chapter 4 (Table 4.1). Based on the types of quality management, the companies can 
be classified into four groups: no quality system, ISO 9000, TQM, and both. The 
number distribution is as follows: none (17 companies), ISO 9000 (10 companies), 
TQM (14 companies), and both (12 companies). 
3.2.3 Survey Instrument 
The survey instrument was constructed using a questionnaire designed by Sun 
(1994) which was intended to assess the pattern of organizational changes and 
technological innovations of thirty five companies in Denmark and Norway. For the 
purpose of this study, the questionnaire was slightly modified to include questions 
regarding the application of various types of quality systems, and questions about 
different elements of total quality management (Appendix A). 
The questionnaire was divided into four parts: general information, 
organizati('n. technology. and perfonnance. The three main parts which were used to 
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extract information on the general pattern are the organization, technology, and 
performance parts. 
The first part contains general information about the number of employees and 
the types of adopted quality systems. The data is used to classify the companies into 
different types and sizes. 
The organization part refers to the recognition of human resource, employee 
involvement, and departmental coordination. It also evaluates the trend of reorganizing 
activities in the past five years in order to include dynamic elements into the data. The 
aggregated scores for each respondent provide the data for the organizational index. 
The technology part measures the degree of automation in various activities 
within a company, namely purchasing, design/engineering, production, 
marketing/sales, and finance/administration. It also assesses the use of information 
technology to transfer information between functions. The aggregated scores for each 
respondent provide the data for the technological index. 
The level of company success is evaluated by measuring and projecting 
manufacturing performance. The performance part incorporates j}nancial as well as 
non-financial perspectives. As the survey involves many types of industry, the 
performance measures are not industry specific, and they are assessed by the 
respondent's perception in terms of cost, quality, delivery, innovation, and employee 
involvement. This part also addresses the trend in performance concerning the overall 
growth of companies during the past five years. 
For each part, the quantitative data is formulated into an aggregated index, i.e. 
organizational index (O-index), technological index (T-index), and performance index 
(P-index). In further analyses, the 0- and T- indices for all companies are plotted on 
the 0-T map in order to reveal the pattern of organizational and technological 
development. The P-index is used in the analysis of variance to determine the effects 
of management practices on performance. 
The questionnaires have been pilot tested at fifteen companies before being put 
to use. Any redundancy resulting from the use of jargon or unclear words has been 
consequently resolved before the main survey was sent out. The data for the fifteen 
companies are not included in the analyses. 
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3.2.4 Organizational-Technological Map 
A systematic perspective on company development can be approached by 
investigating the relationships between pairs of factors. An earlier work of this type 
can be dated back to 1958 when Bright (1958) studied the relationship between the 
level of mechanization and the demand made on human skills. Since then a similar 
approach has been adopted by a number of authors. In particular, the study on 
organizational-technological relationship has been conducted by such authors as 
Woodward (1965), Zwennan (1970), and Bessant (1990). 
One of the analytical tools for studying the relations between organizational 
and technological developments is the 0-T map, which is a two-dimensional 
coordinate diagram with the 0- and T-index on the Y and X axis, respectively. 
According to Sun (1994), the 0-T map is a suitable tool for describing the pattern of 
organizational changes and technological innovations in both dynamic and static 
manner. Similar diagrams have been used to subjectively explain the path of 
organizational changes and technological innovations (Ettlie, 1988; Twigg et ai., 1991; 
Bessant, 1991; Frick et ai., 1992). 
Although different definitions and conclusions were associated with these 
studies, Sun (1994) identified three distinguishable dynamic paths based on the studies 
as: organizationally-oriented (O-path), balanced (B-path), and technologically-oriented 
(T-path) as shown in Figure 3-1 (a). Mathematically, the different paths are 
represented by the slope dO/dT, which represents the speed of organizational changes 
relative to technological innovation. 
Figure 3-1 (b) illustrates the three types of static status which can be designated 
by the distance (DB) from a company's position to the balanced or B-path. The three 
types of static status are classified as organizationally centered (O-status, DB < 0), 
technologically-centred (T-:o.tatus, DB > 0), and balanced (B-status, DB = 0) (Sun, 
1994). 
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Figure 3.1 The O-T map, showing: (a) the dynamic path, (b) the static status 
The pattern of organizational and technological development can be found by 
plotting the aggregated indexes which are obtained from the questionnaires on the 0-T 
map, and conducting regression analysis to find the relation between the two variables. 
As the general pattern of the real data would not normally fit into any of the theoretical 
paths, the whole pattern has to be divided into smaller stages that are characterized by 
the static status and the dynamic paths. 
From Sun's findings, the companies III different stages exhibit different 
performance, and the companies which are able to stay in the balanced status have the 
highest and increasing performance. He offers the following conclusion, "the 
performance of a company is partially influenced by the static status, the status being 
determined by the path that the company followed, and the path is guided by the vision 
or paradigm of manufacturing that a company has"(Sun, 1994, pp 219). 
In the selection of a path for the near future, Sun suggests that any short-term 
path can be taken depending on the current status of a company, i.e. the path has to 
bring the company to the balanced status. In the long run, it is recommended that a 
company adopt the CHIM (computer and human integrated manufacturing) paradigm 
as it is believed to bring the company to a balanced future status. 
Based on the above findings, this study makes use of the 0-T map in order to 
explore the general pattern of organizational and technological development of the 
Thai manufacturing industry. Once the general pattern has been found, it is then 
divided into smaller stages of organizational and technological development in order 
to be examined in more detail The next step is to analyze the performance of 
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companies in these various stages by applying the analysis of variance method. The 
results should reveal whether there is any difference in the pattern of organizational-
technological development between countries. 
3.2.5 Analysis of Variance (ANOV A) 
The next step is to analyze the performance of companies in various stages and 
the performance of companies adopting different management practices. The stage of a 
company as revealed from the 0-T map (hereafter referred to as "stage") is 
characterized by the current status and the path it follows. The types of quality 
management practices are classified as total quality management, ISO 9000, both, and 
neither. 
The effects of stage and type of quality system can be found by adopting the 
analysis of variance (ANOV A) approach. Analysis of variance (ANOY A) models are 
useful for studying the relation between a dependent variable and one or more 
independent variables. In this case, the dependent variable is performance, and the 
independent variables are stage and type. It should be noted that both of the 
independent variables (stage and type) are qualitative and categorical. Therefore, the 
ANOYA method is suitable because it does not require that the independent variables 
are quantitative, and it does not require making assumptions about the nature of the 
statistical relation (Neter et al., 1985). 
If the analysis of variance reveals that the effects of stage and type are 
important, it becomes meaningful to describe the nature of the effects by comparing 
the mean performances. This can be done by mUltiple pairwise comparison methods, 
which should be suitable for unequal sample sizes such as the observational data in 
this study. 
According to Kirk (1995), the different methods suitable for this type of data 
are Gabriel's test, Genizi and Hochberg's test, Hochberg's GT2 test, Hunter's H test, 
and the fukey-Kramer test. Among these approaches, the best method is the Tukey-
Kramer test as it controls the type I error at less than probability a and has the highest 
power of test among the procedures investigated. 
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Based on this information, this study selected the approaches which were 
available on SPSS: (I) Tukey's HSD (honestiy significant difference), (2) the least 
significant difference (LSD) test, (3) Gabriel's, and (4) Hochberg's GT2 methods. 
Note that the Tukey's HSD method can also be used for unequal sample sizes in which 
case it will give conservative judgments (Neter, 1985; Christensen, 1996). The LSD 
method is also applied as it is one of the most widely used procedures although it is 
not recommended when an experiment has more than three treatment levels. In such a 
case, it tends to give a less conservative judgment because it fails to control the 
maximum family-wise error rate attainable under any complete or partial null 
hypothesis at a preselected level of significance (Keppel, 1973; Kirk, 1995). 
The results of quantitative analysis were used to test the hypotheses developed 
earlier. The overall findings then provide the basis for the in-depth case studies as 
discussed in the following section. 
3.3 Research Method: Qualitative Multiple Case Analyses 
Surveys and case studies are common methods used for collecting empirical 
data in the field of operations and technology managem0Qt. Each method has its own 
benefits and disadvantages, and the selection of methods depends on the research 
questions and purposes (Riis, 1991). While surveys have the advantage of producing a 
general pattern, the case study method is helpful in providing in-depth infonnation and 
in answering questions in the fonn of 'how' and 'why' (Yin, 1989; Sun, 1994). 
In the first part of this research, a survey has been utilized in order to provide 
the basis for subsequent case studies. The findings from the survey helped provide 
guidelines in the design of structured questionnaires used for the case studies. The 
findings are also used to classify the case studies into various stages of organizational 
and technological development. I 
Qualitative multiple case studies were conducted to capture detailed data and to 
reduce such noise effects as type, size, and nationality of companies. The methods 
include the formulation of research questions, identification of study sites, design of 
performance measures, data collection, and data analyses. 
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3.3.1 Research Questions 
The aim of the qualitative multiple case analyses is to verify the conclusion as 
derived from the quantitative analyses and to answer the following questions. 
• What is the evolution of quality management in the Thai companies under study? 
The four Thai companies in the cases cover all types of management systems 
under investigation (TQM, IS09000, BOTH, and none), and have been observed for 
an extended period of time (three years). The case studies can thus provide useful 
information on the evolution of quality management in these companies . 
• What are the impacts of different types of quality systems on company 
performance? 
The in-depth case studies can help verify the impacts of management practices 
which are obtained from the quantitative analyses. By allowing for detailed 
investigation, the case study method makes it possible to evaluate the extent to which 
companies adopt quality management. Rather than depending on respondents' 
perception, it eliminates the drawback of the survey method and helps support the 
results. 
• What are the factors critical to successful adoption of management practices?' 
The case studies of both the Thai and Japanese companies reveal the 
characteristics of manufacturing practices responsible for superior competitive 
performance. The factors critical to successful adoption should be common among 
successful companies, and this would help build a framework for the transfer of 
quality practices to the Thai industries. 
3.3.2 Identification of Study Sites 
Appropriate study sites were identified by contacting the Office of the Board of 
Investment, local chambers of commerce, and manufacturing associations. Suitable 
types of industry are those which have been established for some time, are subject to 
local and foreign competition, not labour intensive, and able to provide data on 
organizational and technological development. 
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The study sites have been selected from the manufacturing industries in 
Thailand and in Japan in order to facilitate comparison between indigenous and world-
class performance. The Thai database constitutes representatives from three Thai-
Japanese joint ventures, and another small local company, all of which are engaged in 
the manufacturing and assembly of engines. The Japanese plants which provide the 
data for comparison include the partners of the three joint ventures. Together, the 
companies account for more than 80 % of the product shipments in each country. The 
selection of companies in the same industry helps facilitate comparison by establishing 
common grounds while confining other effects to a comparable level. 
In ternls of the study of quality management practices, the seven samples 
provide valid representatives of those adopting TQM and ISO 9000. One Thai 
company has been practicing TQM for nearly ten years before deciding to pursue ISO 
9000 registration. Another Thai company achieved ISO 9000 certification prior to 
launching its TQM initiatives. The other two Thai firms are not involved in either 
practice. With regard to the Japanese organizations, all three of them are highly 
successful as reflected in various performance measures. They have been practicing 
total quality management for quite a long time before seeking ISO 9000 registration. 
Thus it can be seen that the seven companies provide suitable cases for studying the 
effects of quality practices. 
3.3.3 Guidelines for the design of performance measurement system 
In designing a suitable performance measurement system, the criteria for 
design have been discussed by various authors. 
Maskell (1989) recommends seven principles III designing a performance 
measurement system; the system should (1) be relevant to manufacturing strategy, (2) 
include non-financial measure, (3) be situation specific, (4) be changeable with 
circumstances, (5) be simple and easy to use, (6) provide fast response, and (7) 
stimulate continuous improvement. 
Dixon et al.(l990) also provide a list of attributes as a guideline for designing a 
performance measurement system. For example. the system should be: strategically 
relevant. easy to implement. customer-driven, and supportive of individual and 
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organizational learning. They suggest that a good measurement system should include 
both situation-specific and generic measures. 
While the guidelines provided by these authors are more geared toward the 
design cf a system to be used within an organization, Kaplan and Norton (1993) 
suggest broader guidelines which can be used both for an organization and for external 
assessment. They recommended four basic elements to be addressed in a perfonnance 
measurement system: customer perspective, internal perspective, innovation 
perspective, and financial perspective. While their system provides useful guidelines, 
it lacks the issue of system design process and the dimension concerning competitors 
(Hazell and Morrow, 1992; Kaplan and Norton 1993). 
3.3.4 Available performance measurement systems 
In order to design a perfonnance measurement system for the case studies, 
there is a need to be aware of the problem concerning comparisons between studies. It 
is generally accepted that different. researchers tend to employ different instruments 
thus making it difficult to compare the results. 
At present, there are a large number of available criteria that are reported in the 
literature. The existing measurement instruments consist of: national quality award 
criteria, general frameworks recommended by researchers, and empirically-developed 
systems. Each instrument has its own benefits and limitations to be discussed in the 
following sections. 
3.3.4.1 National Quality Award Criteria 
The criteria for national quality awards are widely recognized and have been 
applied by a large number of organizations in many different settings. Some of the 
most widely accepted criteria are the U.S. Malcolm Baldrige National Quality Award 
(MBNQA), the European Quality Award, and the Japan's Deming Prize. These criteria 
are widely utilized not only by companies desiring to compete for the awards, but also 
by companies conducting self-assessment to measure organizational effectiveness 
(Jordan. 1994; Laszlo. 1997; Stephens. 1996). For example, the MBNQA criteria have 
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been used annually by thousands of organizations to conduct self-assessment (Sunday 
and Liberty, 1992). The criteria consist of seven categories relating to quality: 
leadership, information and analysis, strategic quality planning, human resource 
development and management, ,rocess quality management, quality and operational 
results, and customer focus and satisfaction (Wisner and Eakins, 1994). 
The Japan's Deming Prize is another national quality award that is widely 
cited. It is based on the following checklist consisting of 10 items: policy and 
objectives, organization and its operation, education and its dissemination, assembling 
and disseminating information and its utilization, analysis, standardization, control, 
quality assurance, effects, and future plans (Ishikawa, 1985). 
3.3.4.2 The general Frameworks of performance measurement system 
The general frameworks tend to be the complete frameworks of performance 
measurement system. They usually consist of a set of generic measures that are further 
divided into more specific elements. For example, Gunn .(1992) suggests a set of 
performance measurement metrics consisting of 10 elements: time, waste, cost, 
quality, flexibility, value-added, productivity, asset utilization, customer satisfaction, 
data and information integration. He also provides examples of specific measures 
together with the appropriate outcomes for world-class standards. 
Maskell (1991) discusses five broad categories of quality, delivery, process 
times, flexibility, and costs, all of which are further classified into various measures. 
Although the framework provides a list of measures, it does not offer guidelines in 
selecting the most suitable measures for a given company. 
Kano and Koura (1990-91) discuss both the tangible and intangible criteria for 
measuring performance. Examples of the tangible criteria are growth, user merits, 
market competitiveness, production, and inventory. They also provide a list of more 
specific measures for each criterion. Like Maskell, they do not offer guidelines in 
selecting the most suitable measures for a given situation. 
Although these general frameworks provide the key dimensions of 
manufacturing perfomlance. they are mainly generic and may lead to confusion (Neely 
et al.. \995). As the generic terms usually encompass a \ aridy of dimensions, dil1erent 
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authors may employ different contexts thus leading to incompatibilities of the 
analyses. 
One of the most respectable frameworks is suggested by Deming (1986). 
Deming's 14 points can be used as a framework for perfonnance measurement and 
also as guidelines for companies wishing to take up quality management. The 
components of the Deming's 14 points are later listed in Section 3.3.5 (Table 3.1). 
3.3.4.3 Empirically-developed performance measurement systems 
There has been a number of systematic attempts in the literature to construct 
the measures of critical success factors of quality management, e.g. Ahire et ai. (1996), 
Black (1993), Cupello (1994), Powell (1995), and Tamimi (1995). Most of these 
studies developed their measurement instruments from comprehensive literature 
reviews, and empirically tested them for validity and reliability. The instruments were 
then used in their own studies and were not repeatedly applied in more broadly based 
samples and in various industrial settings. Thus there is a lack of consistency and. 
repeatability. 
One of the most widely cited instruments was an early work conducted by 
Saraph, Benson and Schroeder (1989). Like most empirically-developed measures, 
their instrument was organized based on various critical factors that have been 
identified by quality gurus. It consists of a set of eight measures that were empirically 
tested for reliability and validity using perceptual data collected from 162 managers of 
20 companies in the U.S. The instrument has also been retested by Badri et ai. (1995) 
in a different setting. The eight critical factors include: management and quality 
policy, role of quality department, training, product/service design, supplier quality 
management, process management, quality data and reporting, and employee relations. 
The instrument is claimed to be valid and reliable as it is systematically constructed 
and tested, thus researchers can use it to examine certain hypotheses concerning 
quality management (Saraph et aI., 1989). 
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3.3.5 Design of performance measurement system 
In deciding on the criteria to be adopted in this study, the advantages of each 
system can be compared against each other. Some authors assert that national awald 
criteria are better means for assessing organizational excellence than the 
systematically-developed systems, and that they are found to "reflect the most 
important components of effectiveness and competitiveness" (Thiagarajan and Zairi, 
1997). It has also been suggested that organizations can gain valuable experiences by 
evaluating their progress against an accepted set of criteria (Ishikawa, 1985; Oakland, 
1993). As these quality awards have been nationally recognized and used by a large 
number of organizations, they should provide consistent approaches to measuring 
competitiveness. 
In comparison, the general frameworks of performance measurement system 
are largely generic. Although they provide a list of specific measures, they do not offer 
guidelines in selecting the most suitable measures for a given situation. The last type 
of measurement system is the empirically constructed instruments. Although they 
provide a testable method suitable for research work, the existing instruments have not 
been sufficiently tested for validity and reliability in various situations, and they have 
not been adequately applied in case studies. 
Considering these reasons, the performance measures used for the case studies 
have been organized by combining the criteria from all the systems presented earlier. 
As shown in Table 3.1, the measures adopted consist of eight criteria that are 
comparable to the major systems already discussed: management commitment, 
organizational integration, quality policy, human resource management, management 
of process, quality system in manufacturing, supplier management, customer focus. 
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Table 3. I Various criteria for perfonnance measurement 
Measures used iii the study 
Management commitment. 
Organizational integration. 
Quality policy. 
Human resource manage-
ment. 
Management of process. 
Quality system in manu-
facturing. 
Supplier management. 
Customer focus. 
MBQAI 
Leadership. 
lnfonnation and analysis. 
Strategic quality planning. 
Human resource development 
and management. 
Management of process 
quality. 
Quality and operational 
results 
Customer focus and 
satisfaction 
Deming's 14 points2 
Constancy of purpose. 
Adopting new philosophy 
toward not accepting 
defective products. 
Saraph et al. 3 
Role of top management and 
quality policy. 
Drive out fear by encouraging Product/service design. 
two-way communication. 
Break down barriers. 
Eliminate slogans. 
Build pride of workmanship. 
Eliminate quality-related 
numerical goals and quotas. 
Training. Continuous 
education and retraining. 
Eliminate dependence on 
mass inspection. 
Constant improvement. 
Supervision by ensuring 
immediate actions on quality 
problems. Make maximum 
use of statistical knowledge. 
Do not choose suppliers 
based on price alone. 
Role of quality department. 
Training. 
Employee relations. 
Process management. 
Quality data and reporting. 
Supplier quality management 
Sources: I Wisner and Eakms (1994), 2Demmg (1986), 3Saraph et al. (1989) 
3.3.6 Structured data collection Methods 
A multiple case study design utilizes multiple data collection methods (Yin, 
1989). In particular, this study gathered infonnation from a number of sources 
including in-depth interviews, plant observation, archival data, and secondary data at 
the customer level. 
The utilization of mUltiple data collection methods are helpful as they reinforce 
each other's strengths and weaknesses. Some questions used in the questionnaire may 
have varied interpretations depending on specific situations. For example, the question 
regarding the number of employees requires clarification in case the company being 
interviewed is part of a large corporation consisting of subsidiaries. The interview 
process is very useful in interpreting questions and defining terms to reduce variability 
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in respondents' perceptions to the questions. Archival data are helpful in extracting 
tangible information, however, certain quantitative data were not available due to 
limited access to information. 
The multiple case studies consist of two parts, one of which was conducted in 
Thailand and the other in Japan. The Thai case studies were performed in two stages. 
The first stage involved data collection at various application sites to assess customer 
satisfaction with the products. The second stage was conducted at the plants through 
site observation, archival data, and in-depth interviews. The Japanese case studies 
involve site observation, archival data, and in-depth interviews. No customer survey 
was conducted due to time limitation. 
3.3.6.1 Customer survey of the Thai cases 
As shown in Appendix B, the questionnaire used in the customer survey was 
designed to evaluate customer opinion in terms of price, product features, after-sales 
service, and inquiry lead time. Customers were asked to make comparative judgment 
on the four brands on five-point scales, ranging from two (very poor) to ten (very 
good) for all measures. 
The method of data collection was through interview with customers at various 
customer sites. Although the customers are scattered in the four regions of the country, 
a majority of them are in the central area which is the main rice plantation. Therefore, 
dealers in this area were approached for interview. The advantage of using dealers 
rather than end customers is that they are relatively more knowledgeable about the 
cost, quality, and delivery aspects, and they are easier to access. Due to time and 
financial constraints, forty out of approximately 500 dealers were interviewed, 
consisting of 8 percent of the total. The data from the customer survey are used with 
the other data collected during the plant visits. 
3.3.6.2 In-depth Interviews: the Thai cases 
For the plant visits in Thailand, the population sample in each plant included 
vice presidents, plant managers and one or two full-time engineers, all of whom 
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received the questionnaires sent by mail in advance. The reason for interviewing these 
groups of people is because they represent various levels of organization: top 
management, middle management, and lower-level employees. Top management can 
provide useful data on the company strategy, quality policy, and overaII corporate 
performance. Middle management implement top management decisions. Their 
interactions with both top management and lower-level employees tend to make their 
perception more considered and accurate. They can make good reflections on top 
management commitment and employee involvement. At lower levels, engineers work 
more closely with workers and they can provide data on the operating level. 
The combined length of interview and plant tours generally lasted between 
three and four hours, and a total of 14 face-to-face interviews were undertaken at the 
four plants. 
3.3.6.3 In-depth Interviews: the Japanese cases 
For visits to the Japanese plants, data was collected by sending questionnaires 
prior to the visits followed by face-to-face interviews and plant observations. The 
participants consisted of vice presidents, plant managers, section managers, and 
engineers, representing various departments ranging from manufacturing to quality 
control, engineering, purchasing, and service. The combined length of interview and 
the plant tours lasted between five to six hours, and a total of three face-to-face 
interviews were completed at the three plants. 
3.3.6.4 Structured Interviews 
The questionnaire used for the structured interviews during the plant visits was 
designed to tap a wide range of issues and extract necessary information for the 
performance measures developed in Section 3.3.5. As shown in Appendix C, it 
consists of four sections, i.e. strategic management, management of organizational 
system, manufacturing infrastructure, and organizational infrastructure. 
Section I (strategic management) assesses the strategic management of the 
company_ and it is to be answered by top management. The questions assess the 
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strength of competitive forces, strategic objectives, critical success factors, and general 
market characteristics. 
Section 2 (management of organizational system) IS concerned with 
management of quality and quality activities. As quality is among the most critical 
factors in achieving today's competitive edge, management of quality system will be 
assessed in terms of top management's perspective and support, quality pervasiveness, 
steering group, and degree of coordination among departments. Quality activities 
explore the use of teams, suggestion systems, and other activities. 
Section 3 (manufacturing infrastructure) deals with the issues of the quality 
systems in manufacturing, manufacturing management, manufacturing capability, and 
production planning and control. 
Section 4 (organizational infrastructure) consists of the assessment of 
performance evaluations, training, customer orientation function, and supplier 
relationship. Performance evaluation is assessed in terms of reward and recognition, 
and how it supports the use of teamwork and the willingness to learn new skills. 
Training evaluates the content and amount of training, and the extent to which training 
is done on the job and off the job. Customer orientation function identifies such 
customer-related issues as market surveys; evaluation of competitive products; 
continual contacts with customers; and interaction between sales, service, 
manufacturing, and engineering, to utilize field reliability data. Finally, supplier 
management determines the process of supplier selection and the relationship with 
suppliers. 
In a comprehensive manner, the questions In all four sections satisfY the 
information needs for the eight criteria: management commitment (Section 1,2), 
organizational integration (Section 2), quality policy (Section 1,2), human resource 
management (Section 2,4), management of process (Section 2,3,4), quality system in 
manufacturing (Section 3), supplier management (Section 4), and customer focus 
(Section 4). 
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3.4 Data analyses 
Data analyses are carried out according to the established set of performance 
measures. It begins with the assessment of environmental characteristics which 
identifies the industrial structures and the forces influencing the companies. The 
industrial structures are compared according to Porter's five competitive forces: threat 
of entry, threat of substitution, bargaining power of customers, bargaining power of 
suppliers, and rivalry among existing manufacturers (Porter, 1980). 
Next the companies are analyzed in detail in various functional areas. The 
detailed analyses of c o m p a n i e ~ ~ are structured into the following topics: company 
strategy, manufacturing strategy, quality policy, quality system in manufacturing, 
manufacturing capabilities, production planning and control, customer service, 
supplier relationship, human resource management. 
The Thai cases are then compared by using the performance measures 
developed in Section 3.3.5 in order to reveal the common characteristics and 
environments attributable to success.ful and unsuccessful performance. 
Next, the Japanese partners are examined for the purpose of revealing success 
factors towards world-class performance. Finally, the Thai and Japanese participants 
are measured against each other in an attempt to answer the research questions. In this 
case, comparison can be made on a similar basis because the companies operate in 
similar competitive environment, employ similar technology, and produce the same 
types of products. 
The results obtained from the above study are presented in Chapter 4 
(Quantitative Analysis), Chapter 5 (Analyses of the Thai Case Studies), and Chapter 6 
Analyses of the Japanese Case Studies. 
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Chapter 4 
Quantitative Analyses 
This chapter presents the results of quantitative analyses of the surveys of 53 
Thai manufacturing companies. The first two sections summarize the respondents' 
profiles and describe the empirical pattern of organizational changes and technological 
innovation of the general Thai industries. The others sections discuss the 
classifications of companies into different stages and types of quality systems, 
followed by hypothesis testing. The chapter concludes with a discussion of the 
implications concerning the best approaches for companies at each stage of 
organizational and technological development. 
4.1 General results 
From a total of 200 questionnaires shown in Appendix A which were 
distributed at local seminars on TQM and ISO 9000, 53 usable replies are available. A 
summary of company profile is shown in Table 4.1. 
Table 4.1 A summary of Company Profiles 
Size 
Type of Industry No. of (number of employees) 
companies Small . Medium Large 
(50-299) (300-999) (> 1000) 
1. Primary / fabricated metal 5 5 0 0 
2. Industrial machinery & equipment 7 4 3 0 
3. Electronic & other electric equipment 16 4 8 4 
4. Chemicals & allied products II 7 3 I 
5. Rubber & plastic products 8 4 I 3 
6. Food, textiles, leather 6 3 2 I 
Total 53 27 17 9 
(50.7 %) (32.2 %) (17.1 %) 
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4.2 The Survey Instrument 
In order to find the pattern of organizational and technological development. 
this study employed two sets of instruments: a questionnaire (Appendix A), and an 
organizational-technological map (Section 3.2.4). Both instruments were used by Sun 
(1994) to assess the pattern of organizational changes and technological innovations of 
thirty five companies in Denmark and Norway. Frick et al. (1992) also used similar 
tools to characterize the organizational-technological pattern for 16 industrial 
companies in the same country. 
As for this study, the two sets of instruments are adopted to identify the 
organizational-technological pattern of the Thai manufacturing industries. They are 
also used with an additional purpose to find the 0-T pattern influenced by the adoption 
of quality management practices. 
4.3 The empirical pattern of organizational and technological development 
Using the questionnaires in Appendix A, the responses of 53 companies were 
formulated into aggregated indices, and the results are presented in Appendix D. The 
quantitative data of organization (0) and technology (T) were then plotted on an 0-T 
map as illustrated in Figure 4. I, using the scales based on the raw scores that were 
aggregated from the responses. 
In order to find the empirical pattern of the data, curve fitting was conducted on 
the scattered plot with the aid of regression analysis. Regression analysis is a statistical 
tool that utilizes the relation between two or more quantitative variables. It has been 
used by a number of researchers in describing the pattern of organizational changes 
and technological innovations. For example, Sun (1994) has used a 4th-order 
polynomial regression model to describe thirty five companies in Denmark and 
Norway, and Frick et al. (1992) fitted a 5th-order model to characterize a similar pattern 
for 16 industrial companies in the same countries. Similarly, regression analysis was 
applied for the 53 companies in this study. 
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Figure 4.1 An 0-T map showing the quantitative data of organization (0) and 
technology (T) of 53 companies. 
As compared with the research mentioned earlier, the data from the 53 
companies appeared more scattered. They were thus investigated for the presence of 
outliers by constructing a boxplot in Figure 4.2, which revealed that there was only 
one mild outlier. Investigation of the outlier (68,44) shows that the corresponding 
company had a rather low score on the O-index (68) as compared with the others. As it 
was only a mild outlier, the data points were included in further calculation, and 
regression analysis was conducted with all the data. 
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Figure 4.2 A boxplot of the 53 0-T indices, indicating the presence of a mild outlier. 
To obtain the best fit, SPSS was employed by constructing regression models 
at higher orders and exploring whether the high:order terms could be dropped making 
a lower-order model adequate. The results were illustrated in Appendix E (Table 1) 
which contained the SPSS outputs of fitting five polynomial models with the 
standardized values in order to avoid overflow problems in calculation. 
Appendix E (Table I) shows that, at the level of significance of 0.05 , the linear 
model (Model 1) was statistically the best fit. 
Linear model (Modell) : 
20 = 1.049.15 + 0.558 2T, (R2 = 0.3 11, adjusted R2 = 0.298) 
where 20 = standardized 0 indices 
ZT = standardized T indices 
The above findings were compared with the outcomes of fitting the 
unstandardized values of 0- and T- indices. The SPSS outputs in Appendix E (Table 
2) also indicate that the most appropriate model is linear with the same adjusted R-
square as shown below. 
0 = 80.999 + 0.447 T (R2 = 0.301 , and adjusted R2 = 0.287). 
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In summary, the best empirical model which fitted the pattern of organizational 
and technological development was the linear model. These findings came as a 
surprise because it was initially expected that a higher-order model would be the best 
fit. In the similar works described earlier, the patterns were represented by higher-
order models showing a slightly S-shaped curve. However, it was not statistically 
illustrated how they were regarded as the best fit. Although the patterns belonged to 
companies in different countries, the results should not have been much different in the 
sense of curve fitting. 
Although the 0-T diagram has been useful in describing the patterns of 
organizational and technological development, the approach of fitting a complex 
polynomial model in describing the pattern posed questions in terms of statistical 
validity. However, it was not the purpose of this study to deal with the problem but to 
look for the best approach to competitiveness. 
I f the general pattern could be divided into narrow stages of 0-T development, 
it would become useful for helping to identify the approaches suitable for each stage. 
The classification of companies is discussed in the following section. 
4.4 Classification of stages of 0-T development 
Since regression analysis revealed that the best fit model was linear, it became 
difficult to divide the pattern into smaller stages. One method is to classify the 
companies based on arbitrary 0-T scores from the pattern. Another convenient method 
is to use a polynomial regression curve as found in the works cited earlier (Frick et al. 
(1992); Sun (1994». Although not statistically the best fit, they can be used as a 
guideline for classification. As Section 4.3 revealed that polynomial models were not 
the best fit, their application would be restricted to classification purpose only. In this 
section, a 5th-order polynomial curve is arbitrarily chosen to divide the companies into 
smaller stages. It should be emphasized that the curve is used for the purpose of 
classification only and is not involved in any other parts of the analyses. 
When a 5th -order polynomial model is used as a guideline, the companies 
could be divided into five smaller stages according to the distance DB and slope 
(dO/dT) (Figure 4.3). Most of the sample companies stayed in the three middle stages 
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that occupied roughly 93 %, and the rest were located in the extreme 0- or T- status 
(Nagswasdi and O'Brien, 1997). Using the findings from this 5'h-order model, the 
companies were thus sorted into three stages (stage 1-3) as being in the low, medium, 
and high O-T positions (Figure 4.3). Classifying the data in this way has the 
advantage of letting the data define what is low, medium or high, rather than imposing 
definition based on arbitrary scores. The distribution of companies in the three stages 
are 32.1 %, 28.3 %, and 39.6 % as shown in TabJe 4.2. 
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Figure 4.3 The empirical pattern of 0-T development, showing the 5'h-order model 
superimposing on the linear one. (S I - S5 denote the five stages as derived from the 5'h order 
model). 
Table 4.2 Size distribution of companies in the three stages 
Stage Small Medium Large Total 
I 12 5 - 17 (32.1 %) 
2 7 7 I 15 (28.3 %) 
3 8 5 8 2 1 (39.6 %) 
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4.4.1 Low O-T companies (stage 1) 
The companies in this group constitute about 32.1 percent of the total samples 
(17 data points), most of which employ less than 300 employees. They have lower 
Scores on the organizational, technological, and performance indices. The low 
organizational indices imply that these companies do not generally have the 
established sets of rules and procedures. They do not have much active functional 
coordination, and they seem to place less emphasis on people and organization. 
When the seventeen data points were fitted by regression analysis in order to 
find the organizational-technological relationship, the results are shown in Appendix 
F, revealing no clear pattern at a significance level of 0.05. This indicates that the 
companies in stage I do not have a consistent pattern of technological innovation and 
organizational change. Most of the companies in this group are not able to effectively 
cope with the changes in technology due to their low organizational adaptation. 
S i m i l ~ l y , , their organizational systems do not allow for technological innovations to 
take place. 
The companies in stage I do not have much experience with such management 
approaches as ISO and TQM. In fact more than half of them do not adopt such 
approaches. 
4.4.2 Medium 0-T companies (stage 2) 
The companies in this group consist of roughly 28.3 percent of the entire 
samples (15 data points). Nearly all of them are of small and medium size. They have 
higher scores on the 0, T, and performance indices than those in stage I, but generally 
lower than those in stage 3. When regression analysis was conducted on the 15 data 
points, it was found that no clear pattern emerged at a significance level of 0.05 as 
shown in Appendix G. Therefore, the companies in stage 2 do not exhibit any 
relationship between organization and technology, indicating that they do not have 
adequate infrastructure for organizational adaptation and technological innovation. 
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As for management approaches, more than two thirds of the companies have 
used TQM and ISO 9000. With the applications of quality management, these 
companies are likely to move beyond stage 2 and enter stage 3. 
4.4.3 High O-T companies (stage 3) 
The high 0-T companies consist of approximately 39.6 percent of the collected 
samples (21 data points). The size of companies in this group are generally well 
distributed among small, medium, and large. On average, they have high 
organizational, technological, and performance indices. The high organizational 
indices reflect a strong emphasis on strategy formulation, functional coordination, as 
well as training and human resource management. Their people orientation have 
provided a sound basis for technology assimilation as well as organizational 
adaptation. 
When regression analysis was conducted on the 21 data points, it was found 
that the companies exhibit linear organizational-technological relationship with the 
equation of ZO = 0.5]] ZT, R-square = 0.26], and adjusted R-square = 0.222 
(Appendix H). This means that the organization tends to grow with technology or vice 
versa. As the companies adopt higher level of technology, they tend to adjust the 
organizational settings in a positively related direction. In other words, they appear to 
have high organizational adaptation which complements with effective technological 
adoption. In a similar maimer, as companies increase the organizational dimension, 
they tend to pursue continuous improvements thus leading to higher technological 
innovations. Therefore, organization and technology tend to grow together for the high 
0-T companies. 
It is likely that the mechanism behind this relationship is the adoption of 
management practices as most companies in this group are familiar with, or have 
implemented total quality management and ISO 9000 quality system. 
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4.4.4 Checking the relationship 
It was found earlier that the overall pattern obtained from the 0-T map did not 
hold across the s u b g r o u p ~ . . That is, the pattern of the entire data seems to be influenced 
by the linear pattern of companies in stage 3. The fact that no clear organi zationaI-
technological relationship existed for companies at stage I and 2 may be due to the 
presence of outliers which may have obscured any existing patterns. Thus, further 
investigation was conducted in order to search for such outliers (Hamilton, 1990). 
Figure 4.4 represents the boxplots for the companies in each stage, illustrating 
the presence of four mild outliers for stage 1 and 2, being (44,142), (44,68), and 
(86,160), (86,80), respectively. 
To study the influence of these outliers, the four points were removed from the 
data and the models were refitted for stage I, 2, and 3 as shown in Appendix I, J, and 
K, respectively. Without the outliers, the findings are still the same for each subgroup, 
i.e. no clear patterns can be identified for companies at stage 1 and 2 at significance 
level of 0.05, and a linear pattern was found for cOI?panies at stage 3 (zo = 0.571 zt, 
R-square = 0.326, adj. R-sq = 0.291). According to Appendix L, the overall pattern 
without the outliers was found to be linear with the following equation: zo = 0.576 zt, 
R-square = 0.431, and adj. R-sq = 0.419. 
As these findings agree with the ones obtained from the data including all 
outliers, it can be concluded that the outliers do not have significant effects on the 
patterns. Therefore, the same conclusions are still held as in Section 4.3.1 - 4.3.3, and 
the outliers are to be included in further analysis. 
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Figure 4.4 The boxplots for each stage, indicating 4 outliers for stage 1 and 2 
4.5 Classification of types of quality systems 
Based on the responses, the companies could be classified into four main 
groups according to the types of adopted quality system: no quality system, ISO 9000, 
TQM, and both. To reveal the 0-T pattern of the different types of companies, 
regression analysis was conducted in a similar manner as that in Section 4.2. 
The SPSS outputs of regression analysis are shown in Appendix M through P, 
revealing that only TQM companies exhibited a linear 0-T pattern at 0.05 significance 
level while the other types of companies did not produce any patterns at the same 
level of significance. 
The 0-T pattern of companies adopting TQM is displayed in Figure 4.5, and 
the equation is as follows (from Appendix 0). 
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ZTQM_O = 0.692 ZTQM T - 3.05E-17 
(R square = 0.479, adjusted R square = 0.436) 
where ZTQM_O and ZTQM_T are standardized variables ofO and T, respectively. 
It should be noted that, at 0.05 significance level, the companies implementing 
BOTH (TQM and ISO) do not show any clear pattern while those adopting only TQM 
exhibit a linear pattern of organizational-technological development. This implies that 
the implementation of ISO 9000 might distract the organizational-technological path, 
with a possible reason that most Thai companies are not yet familiar with it. In fact, 
they have only been introduced to ISO 9000 a few years ago, and most companies 
need to seek registration in a short time due to international pressures. The adoption of 
ISO 9000 may, in this regard, have distracted the companies from the path that they 
were following. 
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Figure 4.5 O-T map of companies adopting TQM. showing the best fit as linear. 
(The scales were based on standardized scores.) 
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4.6 Validation of responses 
It may be argued that the classification of quality systems (TQM, ISO, BOTH, 
and none) was not absolutely reliable as it was subjected to the perception of 
respondents. In particular, it is rather difficult to truly assess the claims of the 
companies adopting TQM in a large-scale survey since there is no certification or 
award which can be used as a benchmark. Careful evaluation needs to be exercised on 
the extent to which the companies have embraced the TQM philosophy. 
This section aims to validate the claims of the respondents regarding the 
adoption of TQM. As many of the TQM elements are included in the questionnaires, 
the companies that adopt TQM would generally have higher organizational indexes 
than non-TQM companies. This is found to be true when the four methods of multiple 
comparisons discussed in Section 3.2.5 were conducted to compare the O-index for 
companies with the four types of quality system (Appendix Q). The results can be 
summarized as follows. 
Both > none 
TQM > none (LSD) 
From the results, it can be seen that the companies adopting BOTH (TQM and 
ISO 9000), and those adopting TQM appear to have higher organizational indexes than 
non-TQM companies. 
Thus, it can be asserted that the claims of adopting TQM is generally valid, and 
the classification of companies was sufficiently reliable. 
4.7 Impacts of stage and type 
From the general pattern, it has been found that the companies can be divided 
into three stages with different organizational-technologicai characteristics and 
different performance. Also, when companies were grouped according to the type of 
quality system, different 0-T characteristics were revealed. Table 4.3 summarizes the 
number of companies at different stages and types of quality systems together with 
their mean performance The differences among performances are statistically 
analyzed in this section. 
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This section aims to investigate the effects of the two factors (stage and type) 
on performance by applying the two-factor analysis of variance. Table 4.4 contains the 
SPSS outputs w h i ~ h h reveal that, at 0.05 significance level, both stage and type had 
substantial effects on performance while they had little or no interactions with each 
other. 
As the two factors did not interact, their effects could be analyzed separately. 
The effects of each factor could be studied by comparing the mean performances 
among the different treatments. In this case, mUltiple pairwise comparisons were 
executed to estimate the differences among the means. The methods used were the 
Tukey's, Gabriel's, Hochberg's, and the least significant difference (LSD) methods. In 
general, all the methods yielded the same results except that the LSD method tended to 
be slightly more liberal while Tukey's tended to be more conservative. 
4.7.1 Comparisons among the stages ofO-T development 
From Table 4.5, it can be seen that all the four comparison methods gave the 
same judgments. At 0.05 significance level, the companies at stage 3 showed the best 
performance followed by those at stage 2 and I, respectively. Therefore, the most 
successful firms seem to be those whiCh place great importance on organization and 
technology, implying that they have suitable infrastructures for achieving competitive 
advantage. 
4.7.2 Comparisons among the types of quality systems 
Table 4.6 contains the results of multiple comparisons among different types of 
quality systems. To facilitate the analysis, the following expressions were extracted 
from the. Table, showing only those with significant differences. Essentially, all the 
methods gave the same judgments except for that in expression (2). 
TQM > none (I) 
TQM > ISO (2) (LSD method) 
BOTH> ISO (3) 
BOTH > none (4) 
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Table 4.3 Summary statistics on the number (N) of companies at different O-T stages 
and types of quality systems, and the mean performances. 
Descriptive Statistics 
Std. 
STAGE TYPE Mean Deviation N 
T I t>:>u ;j4.uuuu t).!):>f4 ;j 
TOM 37.2000 6.9785 5 
none 32.8889 5.0360 9 
Total 34.3529 5.8303 17 
~ ~ Botn 42.5000 6.8557 4 
ISO 29.5000 .7071 2 
TOM 42.7500 2.5000 4 
none 38.4000 4.1593 5 
Total 39.4667 6.0577 15 
J Botn 45.8750 2.5319 8 
ISO 42.2000 3.7014 5 
TOM 45.2000 3.4205 5 
none 37.3333 8.5049 3 
Total 43.6190 4.8629 21 
Total Both 44.7500 4.4339 12 
ISO 37.2000 6.7954 10 
TOM 41.6429 5.7326 14 
none 35.2941 5.7529 17 
Total 39.4717 6.7042 53 
Table 4.4 SPSS outputs of the two-factor ANOVA on stage and type 
Tests of Between-SubJects Effects 
Dependent Variable' Y 
Type III 
Sum of Mean Noncent. Observed 
Source Squares df Square F S!9.: Parameter Powef 
~ o r r e c ( e a a 133292l 10 133.293 5.574 .000 55.744 .999 Model 
Intercept 59632.060 1 69632.060 2912.081 .000 2912.081 1.000 
STAGE 347.099 2 173.549 7.258 .002 14.516 .919 
TYPE 447.497 3 149.166 6.238 .001 18.715 .948 
STAGE· 
172.941 TYPE 5 34.588 1.447 .228 7.233 .458 
Error 1004.281 42 23.911 
Total 84912.000 53 
Corrected 
2337.208 52 Total 
a. Computed using alpha = 05 
b. R Squared = .570 (Adjusted R Squared = .468) 
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Table 4.5 Multiple pairwise comparisons among the three stages 
Multiple Comparisons 
Dependent Variable' Y 
95% Confidence 
Mean Interval 
Difference Lower Upper 
(I) STAGE (J) STAGE (I-J) Std. Error Sig. Bound Bound 
,uKey I , 
-OJ. I I ~ ( ( l.f;5L .U14 -!:i.;5LLL -.!:iUbL 
HSD 3 -9.2661· 1.595 .000 -13.1421 -5.3902 
2 1 5.1137· 1.732 .014 .9052 9.3222 
3 
-4.1524* 1.653 .041 -8.1686 -.1362 
3 I 9.2661· 1.595 .000 5.3902 13.1421 
2 4.1524· 1.653 .041 .1362 8.1686 
LSD 1 L 
-5.1137* 1.732 .005 -8.6095 -1.6179 
3 
-9.2661· 1.595 .000 -12.4857 -6.0465 
L 1 5.1137· 1.732 .005 1.6179 8.6095 
3 
-4.1524* 1.653 .016 -7.4885 -.8163 
;5 1 9.2661· 1.595 .000 6.0465 12.4857 
2 4.1524· 1.653 .016 .8163 7.4885 
Uaonel 1 L -5.1137* 1.732 .015 -9.4123 -.8152 
3 
-9.2661" 1.595 .000 -13.2215 -5.3108 
L 1 5.1137" 1.732 .015 .8152 9.4123 
3 -4.1524* 1.653 .046 -8.2422 -6. 26E-02 
;5 1 9.2661" 1.595 .000 5.3108 13.2215 
2 4.1524" 1.653 .046 6.256E-02 8.2422 
Mocnoerg 1 L 
-5.1137* 1.732 .015 -9.4144 -.8130 
3 -9.2661· 1.595 .000 -13.2270 -5.3052 
2 1 5.1137" 1.732 .015 .8130 9.4144 
3 
-4.1524* 1.653 .047 -8.2566 -4. 82E-02 
;5 1 9.2661· 1.595 .000 5.3052 13.2270 
2 4.1524· 1.653 .047 4.B19E-02 8.2566 
Based on observed means. The error term is Error . 
•. The mean difference is significant at the .05 level. 
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According to expression (l), the companies with TQM seem to have an edge 
over those without a quality system. Thus it can be generally asserted that the 
implementation of total quality management helps to improve performance. This 
confirms Hypothesis I that the companies adopting TQM exhibit better performance 
than those without quality systems. 
In other words, Proposition I is satisfied that TQM is one of the suitable 
approaches which balance technology and organization thus leading to improved 
performance and sustainable development. 
Expression (2) is derived from the less conservative LSD method, showing that 
TQM companies demonstrate higher performance than the ISO 9000 ones. This 
implies that ISO 9000 does not necessarily lea d to continuous improvement. Further, 
no evidence exists whether the companies with ISO 9000 have better performance than 
those without a quality system. 
Thus, Hypothesis 2 and Proposition 2 are justified that the adoption of ISO 
9000 is generally of limited value on its own and does not necessarily lead to 
continuous improv.ement. 
Expression (3) reveals that the mean performance of companies with TQM and 
ISO 9000 is higher than that of companies with only ISO 9000. This implies that 
companies can gain more benefits from ISO 9000 if they also adopt the total quality 
management approach. 
Accordingly, Hypothesis 3 and Proposition 3 are confirmed that the limitations 
of ISO 9000 can be overcome by putting it in the context of TQM. Therefore, 
companies which have already acquired ISO 9000 certificates should aim to progress 
in the direction of total quality management. 
Expression (4) reveals that the companies implementing both systems exhibit 
greater performance than those without a quality system. This finding is not very 
exciting as it agrees with common expectation. However, there is no indication 
whether notable differences exist between the companies with both systems and those 
with TQM. As the mean performance of these two groups (BOTH and TQM) are not 
statistically different. it can be assumed that the presence of ISO 9000 is not of much 
\alue to the companies already practicing total quality management. Before reaching 
an) loncIusion. this issue needs to be further explored in the following section. 
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In summary, among the four types of quality systems (TQM. ISO, BOTH, 
none), TQM and BOTH appear to be the most promising approaches to achieving 
competitive edge. 
4.8 The best approaches (or each stage of 0-T development 
The previous section provided a general impression of the overall impacts of 
stage and type on performance of the sample companies. However, it did not suggest 
the most suitable approaches for the companies at each stage. This section aims to 
close the gap by presenting the results of ANOV A together with multiple comparisons 
within each stage in order to reveal the most suitable approaches. 
Table 4.7 presents the ANOVA results of the three different stages. It can be 
seen that the type of quality system has no substantial effects on performance for 
companies at stage 1 whereas it does for companies at stages 2 and 3. 
It should be noted that when multiple pairwise comparisons are performed 
within each stage, the sample sizes get· much smaller thus the results cannot be 
considered definitive. However, they are useful at a general level of analysis, given 
due caution in interpretation. 
Table 4.8 contains the details of multiple comparisons within each stage using 
Tukey's HSD and the LSD methods, and Appendix R illustrates the results using 
Gabriel's and Hochberg'S GT2 methods. For the purpose of analysis, the findings from 
Table 4.8 and Appendix R are summarized below, presenting only the significant 
differences in performance. It can be seen that all the four methods gave the same 
judgments except for the LSD method in stages 2 and 3. 
Stage 1. No significant differences in performance are evident. 
Stage 2. TQM > ISO 
BOTH > ISO 
none > ISO (LSD method) 
Stage 3. TQM > none (LSD method) 
BOTH > none 
81 
Quant!tative Analyses 
Chapler Four 
Table 4.6 Multiple pairwise comparisons among different types of quality systems 
Multiple Comparisons 
T 95% Confidence Inlerval 
D e p e n d e n t V a n a b ~ ' Y Y
Mean 
Difference Lower Upper 
(I) TYPE (J) TYPE (I-J) Std. Error sig. Bound 
Bound 
uKey DUUI I ~ U U .5:>UIT 2.0!:14 
.OU4 .!:I4\1;' 13.1507 
HsD none 9.4559" 1.844 .000 4.5241 
14.3877 
TOM 3.1071 1.924 .381 -2.0387 
8.2530 
-lSO ~ o t n n -7.5500' 2.094 .004 -13.1507 
·nl<W3 
none 1.9059 1.949 .763 -3.3070 
7.118e 
TOM -4.4429 2.025 .141 -9.8587 
.9730 
none "Bolli -9.4559- 1 ~ ~ .000 
-14.3877 -4.5241 
ISO -1.9059 1.949 .763 -7.1188 
3.3070 
TOM -S.3487" 1.765 .004 -11.0695 
-1.6279 
TOM" <loth -=3.1071 1-:924 .381 
- 8 . 2 ~ 0 0 2.0367 
ISO 4.4429 2.025 .141 -.9730 
9.8587 
none 6.3487" 1.765 .004 1.6279 
11.0695 
LSD -Sotll I ~ U U 7.550cr 
. 2.094 .001 3.3247 11.7753 
none 9.4559" 1.844 .000 
5.7352 13.1766 
TOM 3.1071 1.924 .114 
-.7750 6.9893 
ISO tiOth -7.5500' 2.094 :001 
-11.7753 -3-:324, 
none 1.9059 1.949 .334 
-2.0269 5.8387 
TOM -4.4429" 2.025 .034 
-8.5287 -.3570 
none tiOth : 9 . 4 ~ ~ 1-:844 .000 
-13.1766 -5.1352 
ISO -1.9059 1.949 .334 
-5.8387 2.0269 
TOM -S.3487" 1.765 .001 
-9.9102 -2.7872 
TaM ~ o t h h -3.1071 1.924 
.114 - O : ! ~ i j g 3 3 .7"""'ffi0 
ISO 4.4429' 2.025 .034 
.3570 8.5287 
none 6.3487" 1.765 .001 
2.1812 9.9102 
. GiibneJ ~ O t h h lSIT 1.550cr 2.094 
.005 1.1904 13.3096 
none 9.4559' 1.844 .000 
4.3979 14.5138 
raM 3.1071 1.924 .501 
-2.1862 8.4005 
ISO -soIfl -7.550cr 2])94 .005 
·13.3096 -1.7904 
none 1.9059 1.949 .901 
-3.4144 7.2262 
TOM -<\.4429 2.025 .178 
-9.9986 1.1129 
none -sath -9.4559' 1.844 
.000 -14.5138 -<\.3lf19 
ISO -1.9059 1.949 .901 
-7.2262 3.4144 
TOM -S.3487" 1.765 .005 
-11.:j!028 -1.4947 
~ ~ ""BOlI1 -3.1071 1.924 
.501 -8.4005 2.'IlIS2 
ISO 4.4429 2.025 .178 
-1.1129 9.9986 
none 6.3487" 1.765 .005 
1.4947 11.2028 
HoChberg Both -ISO 7.5500' 2.094 
'.005 1.7844 13.3106 
none 9.4559' 1.844 .000 
4.3789 14.5329 
TOM 3.1071 1.924 
.501 ·2.1902 8.4045 
'SO -SOffi ·7.550cr 
2.094 .005 -13.3156 -1.1844 
none 1.9059 1.949 .904 
-3.4605 7.2723 
raM -<\.4429 2.025 .181 
-10.0181 1.1324 
none Both =9.4559' 1.844 
.000 -14.5329 -4.3789 
ISO -1.9059 1.949 .904 
-7.2723 3.4605 
TOM -S3487" 1.765 .005 
-11.2085 -1.4890 
TOM Both -=3.1071 1.924 
.501 -8.4045 2.1902 
ISO 4.4429 2.025 
.181 -1.1324 10.0181 
none 6.3487" 1.765 
.005 1.4890 11.2085 
Based on observed means. The error term is Error. 
The mean difference is Significant at the .05 level. 
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Table 4.7 The ANOVA results of the three different stages 
Tests of Between-Subjects Effects 
D e p e n d e n t V a r i a b ~ · Y Y
Type III 
Sum of Mean Noncen!. Observed 
STAGE Source Squares df Square F Sig. Parameter Power" 
I ~ f ~ ~ ~ u u 60.193b 2 30.097 .871 .440 1.742 .170 Model 
Intercept 16812.150 1 16812.150 486.615 .000 486.615 1.000 
STAGE .000 0 .000 
TYPE 60.193 2 30.097 .871 .440 1.742 .170 
STAGE * 
.000 0 .000 TYPE 
Error 483.689 14 34.549 
Total 20606.000 17 
Correded 
543.882 16 Total 
2 \,;orrectea 284.283c 3 94.761 4.543 .026 13.629 .739 Model 
Intercept 19545.769 1 19545.769 937.038 .000 937.038 1.000 
STAGE .000 0 .000 
TYPE 284.283 3 94.761 4.543 .026 13.629 .739 
STAGE· 
.000 0 .000 TYPE 
Error 229.450 11 20.859 
Total 23878.000 15 
Corrected 513.733 14 Total 
3 Corrected 
,81.8" d 3 60.604 3.539 .037 10.616 .680 Model 
Intercept 33911.305 1 33911.305 1980.109 .000 1980.109 1.000 
STAGE .000 0 .000 
TYPE 181.811 3 60604 3.539 .037 10.616 .680 
STAGE· 
.000 0 .000 TYPE 
Error 291.142 17 17.126 
Total 40428.000 21 
Corrected 472.952 20 Total 
a. Computed using alpha = .05 
b. R Squared = .111 (Adjusted R Squared = -.016) 
c. R Squared = .553 (Adjusted R Squared = .432) 
d. R Squared = .384 (Adjusted R Squared = .276) 
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Table 4.8 Multiple comparisons within each stage 
Multiple Comparisons 
95% Confidence 
Interval 
Mean 
Oifference Lower 
Upper 
STAGE (I) TYPE (J) TYPE (I·J) Std. Error 
Sig Bound Bound 
= 
."" 
none l' 3 9 1 ~ ~ . \1<)/ 
· ~ . 1 4 4 4• 1.31;72 
TOM -3.2000 4.293 .741 
.14.4349 8.0349 
none 1>;0 .",1\ 3919 .957 .11-:3672 9.1449 
TOM -4.3111 3.279 .410 
.12.8919 4.2697 
I0IoII -150 32000 4.293 
~ 4 1 1 - .a:0349 14.4349 
none 43111 3.279 .410 
-4.2697 12.8919 
L:>U 1"'-' none 11111 3.919 
.781 ·'.2934 9.-5156 
TOM -3.2000 4.293 .468 .12.4067 
6.0067 
none ISO -1.11 3.919 
_78' -95156 'T2ll34 
TOM -4.311 I 3.279 .210 
-11.3428 2.7206 
TOM ISO 3 . ~ W U U 4:293 
. ~ 4 6 8 8 --6.0067 1 ~ 7 7
none 4.3111 3.279 .210 
-2.7206 11.3428 
12 ,utiey --.so- none -6.9OW 
--3.821 .150 ~ ' - 4 o o 1 1 2:6O<fl 
HSD TOM -13.2500' 3.955 .028 
-25.1538 -1.3462 
Both -130000' 3.955 .031 
-24.9038 -1.0962 
none I:;U 8.9000 3.82' 
.l50 --2:600' 20.400' 
rOM ".3500 3.064 .513 
_13.5706 4.8706 
Both .. ,000 3.064 .560 
-13.3206 5.1206 
TOM ISO 13.2500' ~ ~
-:028' 1.34"" 251538 
none 43:;00 3.064 .513 
-4.8706 13.5706 
Both .2500 3.229 1.000 
-9.4694 9.9894 
--
ISO 13.0000 . 3:955 .031 
1.0962 24.1lO38 
none 4.1000 3.064 .580 -5.1206 
13.3206 
TOM -.2500 3.229 1.000 
-9.9894 9.4894 
L.>iU I:>U none 
.... ww- 3.82' ~ ~ -1'.3103 -.4897 
laM _13.2500' 3.955 .006 
-21.9555 -4.5445 
Both -13.0000' 3.955 .007 
-21.7055 -4.2945 
none -lS0 8.9000' 
3:821 .040 .4897 17.lW3-
TOM -4.3500 3.064 .183 
-11.0933 2.3933 
Both .. 4.1000 3.064 .208 
-10.8433 2.8433 
TUM ISO 13.2500 ~ ~
--:006 -4.54'15 21.9555 
none 43500 3.064 
.is:! _2.3933 11.0933 
Both 2500 3.229 
.940 -68580 7.3580 
Iloth ISO 130000' 
3955 007 4.2945 217055 
nona 41000 3.064 
208 -28433 10.8433 
TOM ·2500 3.229 
.940 -73580 68580 
• 
TUkey ISO none A 8661 
-3022 .399 .3.7243 13.4576 
HSD TaM -3 aooo 2617 
667 .10.A4oo 44400 
Both -36750 2.359 
.427 ·le38n 3.0313 
none ISO -4.8661 
- :r.ll22 .399 ·13.4576 3.7243 
TOM -7._7 3.022 
.079 ·16.4576 .7243 
Both -6.5417' 2.602 
.033 ·16.5057 -.5776 
TOM ISO 30000 
2.617 .667 -4.4400 10.4400 
none 7._7 3.022 
.079 -.7243 16.4576 
Both -.6760 2.359 
.992 -7.3813 6.0313 
60011 1:;0 •. 6750 
"'T.l5e ~ 7 7 -c::l.0313 ~ ~
none 8.5417" 2.802 
.033 .5776 16.5057 
TOM 6750 2.359 
.992 -6.0313 7.3813 
l:;D ISO none 48667 
3.022 .12'6 ·j6097 lT243lr 
rOM -3.0000 2.617 
.268 -8.5221 2.5221 
80th -36750 2.359 
138 -86525 1.3025 
none \:;0 -48667 
3.022 126 -11.2430 T5OlI7 
TaM _78667' 3.022 
019 ·14.2430 ·14903 
Both -85417' 2.802 
007 ·144527 ·26306 
10M -.so 30000 
2.61 .268 ·25221 8.5221 
ncne ; 8567' 3.022 
019 14903 14.2430 
Both -6750 235£: 
178 -56525 4.3025 
""'" 
ISO 36750 
- ~ ~ 136 ·1.3025 86525 
none 8541?" 2.802 
.007 26306 14.4527 
rOM 6760 2.359 
.778 -4.3025 5.6525 
Bllsed on obS8N8d means The error tenn .s Error. 
• The mean di1Ie<eOCe .. significant at the .05 level. 
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4.8.1 The best approaches for stage 1 
F cr companies at the low 0-T position, no substantial differences in 
performance were uncovered among various types of quality systems. Although no 
conclusion on the best approaches can be reached, it does not mean that there is no 
suitable quality system for this group of companies. The implication is that the 
companies in the low 0-T position do not seem to attain notable benefits from quality 
systems, and they should aim to progress beyond this stage in order to realize more 
benefits. 
4.8.2 The best approaches for stage 2 
At stage 2, companies adopting TQM and BOTH exhibit superior performance 
to those adopting only ISO 9000. This agrees with the earlier results concerning the 
limitations of ISO 9000. Another interesting finding is from the less conservative LSD 
method which indicates that the companies with no quality system are more successful 
than those adopting ISO 9000. This may be because most companies are at an early 
phase of achieving the registration. While their medium 0-T position makes them less 
adaptable to changes than those at the high 0-T position, the quality system may 
interfere with their normal modes of operation. This together with substantially high 
startup costs may lead to poorer overall performance. Since the statement was derived 
from a less conservative method and the sample size in this category was rather small, 
the result is not conclusive on its own; but it is useful in strengthening the notion 
concerning ISO limitations. 
For companies at stage 2, no evidence exists as to whether the implementations 
of TQM and BOTH have significant effects on performance as compared with the no-
implementation option. In other words, the performances of companies are not much 
different whether they adopt quality management systems or not. This may be 
because, being at the medium 0-T position, the companies are at the learning curve of 
technology adoption, and they are obtaining significant benefits from technology. It 
does not matter whether they adopt quality management systems or not, they still see 
increased performance from the adoption of technology. As the benefits from 
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technology balance with those of management systems, the use of quality management 
does not seem to improve perfonnance in these companies. 
To secure long-tenn benefits of technology, the companies at stage 2 need to 
turn to management approaches which integrate the hardware and humanware. Based 
on the findings, it can be suggested that the most suitable approaches for these 
companies are: (1) TQM, or (2) TQM and ISO 9000. 
4.8.3 The best approaches for stage 3 
At stage 3, the mean performances of companies adopting TQM and BOTH are 
better than those adopting no quality system. This implies that the companies in this 
group have the best infrastructures that complement with quality systems, thus they are 
able to reap the full benefits. It can be concluded that the best approaches for high 0-T 
positioned companies are: (1) TQM, or (2) TQM and ISO 9000. 
4.8.4 TQM or BOTH? 
At this point, many questions are raised concerning the benefits of TQM and 
BOTH. (1) Which scheme gives more benefits? (2) Does ISO 9000 enhance 
performance in the companies already practicing TQM? (3) Should companies adopt 
TQMorBOTH? 
The answers for questions (1) to (3) can be obtained by considering the 
multiple comparisons in Section 4.6.1 to 4.6.3. 
It can be observed that, in all the three stages of organizational and 
technological development, there was no evidence as to whether TQM and BOTH 
yielded significantly different performances. Thus, the answer to the first question is 
"don't know" because it cannot be concluded which scheme gives more benefits. 
As the companies adopting both practices do not necessarily have better 
performance than those adopting TQM, the answer to question (2) is "No, ISO 9000 
does not substantially enhance performance in companies already practicing TQM". 
As discussed in Section 4.4. ISO 9000 could upset the path of organizational and 
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technological development, it is thus impOitant that companies identify any issues that 
may cause distractions. 
Question (3) may seem easy to answer at a first glance. Since there is no 
difference in performance, one is tempted to assume that a company should only adopt 
TQM and not bother adopting both TQM and ISO in order to avoid spending extra 
resources and commitment. Unfortunately, the situation in real life is much more 
complicated because a company operates in a dynamic environment. If ISO 9000 has 
gained so much popularity, then most companies will eventually need to seek 
registration in order to satisfy their customers. This implies that companies may need 
both systems to survive in global markets. An important issue is that companies should 
implement both systems in such a way that they support each other in order to achieve 
maximum advantages. 
4.9 Conclusion 
This chapter presented the results of quantitative analyses on the survey of 53 
manufacturing companies. Based on the findings, the companies were divided into 
three stages with different organization-technological positions, and four types 
according to the adopted quality systems. When multiple pairwise comparisons were 
conducted to discover the effects of stage and type on performance, the results led to 
the confirmation of Hypothesis 1-3. 
The verification of Hypothesis 1-3 was very useful in demonstrating the 
impacts of management practices on performance. While pointing out the limitations 
of ISO 9000 in raising performance, the results suggested that they could be overcome 
by putting it in the context of TQM. The analyses also yielded useful outcomes in 
giving precautions that companies implementing ISO 9000 might run the risk of 
loosing socio-technical balance. 
The quantitative analyses also led to the implications on the best approaches 
for the companies in each stage of 0-T development. Companies in the low 0-T 
position should aim to increase their organizational-technological standing in order to 
realize substantial gains from quality systems. The medium and high 0-T companies 
have the choice of implementing TQM. or a combination of both TQM and ISO 9000. 
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Chapter 5 
Analyses of the Thai Case Studies 
5.1 Introduction 
This chapter presents comparative analyses of the case studies involving four 
companies in Thailand in order to reveal the Fharacteristics rttributable to successful 
and unsuccessful perfonuance. The analyses in this chapter are related to the 
quantitative analyses in Chapter 4 in that the issues of organization, technology, and 
management practices are considered in detail for the purpose of finding the 
2. p c ) ~ ~ < ~ . : : . ~ > >
2. S u ~ ~ ~ ( . : : : r v . ! . < > l W ( , ) ~ ~ ~
... . 
relationships and success factors. 
r -- The four companies are engaged in the same business and employ similar..In ~ ~--dOle5 . technology to produce the same types of products. Three of them have joint venturel'f -moet l) { 
licensing re'lationships with Japanese companies. Due to the c o n f i d e n t i a l i t 1 ~ ~ ~ \ . .
agreements, the identification of companies are not revealed. 
The chapter starts with the comparison of environmental characteristics 
between the Thai and Japanese business surroundings in order to identifY the industrial 
structures and the forces influencing the companies, The critical success factors of the 
industry are also discussed based on the infonnation obtained from the interviews and 
literature search. 
Next, the Thai cases are investigated in detail by considering the issues 
concerning company strategy, manufacturing strategy, quality policy, quality system in 
manufacturing, manufacturing capabilities, production planning, customer service, 
supplier relationship, and human resource management. The four companies are then 
compared in tenus of various perfonuance measures that were developed in Chapter 3. 
5.2 Comparison of environmental characteristics 
The market environment will be assessed in tenus of five competitive forces: 
threat of entry, threat of substitution, bargaining power of buyers, bargaining power of 
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suppliers, and rivalry among current competitors (Porter, 1980). The section also 
discusses the success criteria of the products that are evaluated from the interviews. 
5.2.1 Threat of entry 
Both the Japanese and the Thai cases are protected by high entry barriers 
whose key elements are economies of scale in production, purchasing, distribution, 
and service network. The Thai participants have the additional advantages of 
preferential government subsidies, such as tax exemptions and prohibition of new 
establishments for a certain period which have given the firms lasting advantages. 
5.2.2 Threat of substitution 
Although the product demand seems to be increasing at a slower rate in both 
countries, substitution by alternative products seems to be non-threatening. 
5.2.3 Buyers/Dealers 
In both countries, the products are sold to end customers through customer 
cooperatives or through dealers. As the manufacturers do not have direct access to 
customers in selling the products, distribution channels are critical to success. In fact, 
the best company in the Thai case studies was found to have the most extensi ve 
distribution and service network among the other companies in the same industry. 
5.2.4 Bargaining power of suppliers 
Suppliers exert different levels of bargaining power depending on the size of 
the company and its sourcing policy. In Japan, the hierarchical supplier system (or 
keiretsu) is a distinct characteristic which differentiates it from most countries. All the 
three Japanese companies belong to different keiretsu groups which have larger and 
smaller companies above and below them. Cooperative supplier relationship is 
common among all the Japanese companies under study. 
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For the Thai cases, suppliers playa vital role due to the relatively weak stage of 
supporting industries. In earlier years, the Government imposed the local content 
regulations in order to improve suppliers' capabilities as manufacturers need to rely on 
indigenous suppliers for their pfC'ducts. The regulation is no longer applied now, but 
suppliers are not yet fully competent as reflected in the limited quality and unreliable 
delivery. Therefore, strong partnership with suppliers is one of the key competitive 
factors in the Thai case studies. 
5.2.5 Rivalry among current competitors 
The Japanese companies, on average, face a more diverse market environment 
in terms of their products, price, and customer service. While domestic competition 
among local companies is quite strong, competition from foreign products is not of 
much concern to the companies. 
In comparison, the Thai manufacturers are in a less competitive environment 
due to a smaller number of participants. There seemed to be. a cooperative atmosphere 
among the companies as each held an established position in the industry. In fact, 
market equilibrium has existed for nearly ten years with the best company dominating 
the industry. Upon the arrival of a newcomer in 1991, the business environment 
became more turbulent as the newcomer gained increasing recognition among the 
customers. Competition from cheaper foreign products is not severe because the 
products are of inferior quality and not attractive to the customers. 
5.2.6 Rate of environmental changes 
The rate of environmental changes is assessed in terms of technology and 
demand changes. It has been found that the Japanese companies face higher rate of 
technological change due to both domestic and foreign competition. Not only that new 
and improved models need to be introduced continually in order to satisfy 
sophisticated customers. but the models must also follow strict environmental 
regulations in order to satisry the needs of export markets. 
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For the Thai cases, technological changes are not rapid as the companies 
primarily engage in product assembly rather than design. In general, product 
development is done only to the extent of modifying existing Japanese models. As the 
companies mainly serve local markets, they are not !1eavily constrained by 
international pressures. For example, they are not required by the market to pursue ISO 
9000 registration or other types of quality systems, and they are not subjected to rigid 
environmental regulations. 
As for demand changes, the rate of change largely depends on the stage of the 
market. While the Japanese market is in a maturity stage, the Thai market is in 
transition to maturity. It has been found that the companies in both countries are facing 
slower increase in product demand. 
S.2.7 Critical Success Factors 
Among the four success criteria (cost, quality, delivery, and service), quality of 
products and services seems to be the critical success factor, followed by delivery, and 
cost. 
From the case studies, the quality of product is the main critical success factor 
because the product prices are not much different. The quality of service is also 
important as the customers are normally located in remote agricultural areas. 
According to the case studies, mobile service is an effective means that allows a 
company to reach its customers and win their loyalty. 
In comparison, delivery is not as important as quality because the seasonal 
demand for the products allow the companies to make effective demand forecasts. 
The following sections involve the investigations of four Thai companies, 
herein referred to as company A, B, C and D. Company A is the market dominator 
which distinguishes itself in terms of high product quality, wide distribution channels, 
and extensive customer service. It has been implementing total quality management 
for nearly seven years, and has recently achieved ISO 9002 certification. Company B 
is a newcomer with the second largest and increasing market shares. It has recently 
acquired ISO 9002 certification and is introducing total quality management. 
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Company C is an average performer who may be most threatened by increased market 
competition. Company D is a low-cost producer with limited resources. 
In comparison, all the companies have similar manufacturing characteristics, 
but they are different in their strategies and the way they manage their suppliers and 
people. 
5.3 Company A 
Company A is a Thai-Japanese joint-venture which was established in 1978. Its 
Thai parent is an established local corporation with a very high reputation, and the 
Japanese parent is a large corporation with strong technological and service 
background. Through joint ventures, synergy arises from merging the strengths of the 
two partners (Newman, 1992). 
Its top management consists of three mam divisions: finance and 
administration, marketing, and manufacturing. Two additional organization units (total 
quality commitment (TQc) and research and development (R&D» are placed directly 
below the managing director, reflecting its commitment to quality and research and 
development. 
After the adoption of TQC, the company has surpassed others in terms of 
market share, and it has become the dominator for nearly ten years. Its recent 
achievement of an ISO 9002 certification, together with reinforcement from the TQC 
approach, should ensure its continued success. 
5.3.1 Company Strategy 
The strategic objective of company A is to become the market leader. It has 
achieved this objective by placing quality as the first priority, followed by customer 
service and distribution. Its emphasis on quality has brought about the adoption of 
total quality commitment (TQc) which gives it a quality advantage. The company has 
also succeeded in building customer loyalty over the years by providing extensive 
after-sales services through its large distribution network. Therefore, the relatively 
high product prices were compensated by high quality, wide distribution channels, and 
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impressive customer services. The only issue of concern is that the company should 
improve its price competitiveness while company B is penetrating the market with 
similar strategies but with lower prices. 
In developing company strategy, the managing director and the executive b0ard 
provide the company's vision, which becomes the framework within which strategies 
are developed. In general, company A integrates marketing and manufacturing 
stratPgies within the company strategy. As marketing interfaces directly with 
customers, it is able to identify customer needs and simulate demand. The demand is 
fed to manufacturing which provides direction on investment in core technology, or 
the choice between licensing, joint ventures, and outsourcing. In this regard, the 
company is being driven by corporate, marketing and manufacturing strategies. The 
other strategies, such as research and development, purchasing, and finance, are 
developed from these strategies and do not primarily drive the company. 
5.3.2 Manufacturing Strategy 
The manufacturing function places emphasis on quality, followed by cost and 
delivery. Quality was taken as the leading target in all manufacturing activities. Cost 
objectives focus on the reduction of inventory, followed by overhead cost. Delivery 
objectives target production planning activities and plant activities which affect 
product delivery to the customers. 
As its products are relatively higher in price, the company attempts to reduce 
inventory cost, which is the majority of all production costs, followed by overhead and 
direct labor costs. It also responds to challenges from the lower-cost producers by 
shifting manufacturing to low wage countries. 
5.3.3 Quality Policy 
With its quest for growth and survival in changing circumstances, the company 
has adopted the total quality commitment (TQC) policy, which stressed the importance 
of customer satisfaction, employee participation, and continuous improvement. As it 
realized that a quality !lrogram should start from the top, the company placed its TQC 
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division directly below the managing director. The division is responsible for 
launching company-wide quality program. 
The company-wide quality program IS facilitated by applying the three 
elements of total quality management: policy management, daily management, and 
functional management. At the top level of the organization, policy management is 
used to cooperate company-wide activities in order to accomplish functional goals as 
established by the company strategy. Daily management is applied to implement 
activities which are necessary to fulfill the responsibilities of each function. Functional 
management facilitates cross-functional activities which are carried out to accomplish 
company strategies. Cross-functional integration is also promoted by adopting the 
concept of the internal customer. Each department must identify its own needs and the 
needs of the next department in order to create internal customer satisfaction 
agreement between departments. 
In addition, the company-wide quality program includes various bottom-up 
activities which are heavily promoted with support from top management. For 
example, the techniques of 5s, suggestion system, and QCC are applied throughout the 
company. A 5s contest is held annually to encourage company-wide practice. The 
company has a system for individual suggestions as well as awards for individual or 
group inventions which make a major contribution to company activities. With 
adequate training and resources from top management, the number of suggestion and 
the percentage of suggestions approved by management are much higher than its 
competitors. 
5.3.4 Quality System in Manufacturing 
The quality system in manufacturing consists of incoming inspection, in-
process quality control, final inspection, failure analysis, and guage and equipment 
calibration system. It should be noted that the quality problems coming from operators 
and manufacturing department are significantly lower as compared with the other 
companies. 
For incoming inspection system. most inspection IS done according to 
sampling plans and skip lot. Tokusai system is also used in the following cases: (l) 
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emergency, (2) when reject rate exceeds acceptable limit, and (3) when the type of 
defects does not affect product quality. In such cases, vendors can appeal for the parts 
to be used in the manufacturing process. If the appeal is accepted, 100 % inspection 
will be carried out by the vendors before sending the parts into production. It should be 
noted that certification from vendors is not applicable due to the limited capabilities of 
supporting industry. 
In-process quality control involves the preparation of operation standard 
manuals, and quality control process charts. Operators perform in-process inspection 
by daily sampling and lOO% inspection by check guage. They are also given authority 
to shut down a line in case of problems. Neighbor inspection and fool-proof system are 
used to eliminate operator's controllable defects. It is worth noting that the company 
installs fool-proof devices to a much greater extent than the other companies. Final 
inspection includes all dimensional checks by a line quality control person and quality 
assurance. Finished product inspection is required for every product in the fonn of 
running test. Other tests such as endurance and reliability tests are done by sampling. 
In the quality control process, a number of techniques such as statistical 
process control (SPC) and design of experiment (DOE) are used. It should be noted 
that the company is the only one in this particular industry which uses DOE to reduce 
variations in process design and in the production process. 
To sustain the effort of continuous improvement, the manufacturing function 
set up two quality teams ("kaizen" teams) in 1993. Each team is led by a competent 
foreman, and consists of four members selected from the group leaders. The teams are 
responsible for carrying out successive improvements in various processes even where 
no quality problems were found. The team draws its own quality improvement plan 
which takes approximately three months to accomplish. Examples of their 
improvement efforts include productivity improvement, work efficiency enhancement, 
and line balancing. For each project, advise may be sought from outside experts in 
various fields, and the team members may be given lectures on relevant subjects such 
as pneumatics. In addition, a Japanese expert is avaiiable to give general 
recommendation. Besides working within the plant. the kaizen teams also perfonn 
work improvement with vendors. The company claims that their kaizen projects have 
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longer duration, tackle more detail, and achieve better results than those performed in 
other large Thai companies. 
In comparison, the quality system in manufacturing for company A is different 
from its competitors in terms of the aprlication of fool-proof systems, failure analysis 
capability, guage and equipment calibration system, the application of DOE 
techniques, and small group activities. 
5.3.5 Manufacturing Capabilities 
Company A has been involved in large capital investment concerning 
manufacturing capabilities within the past three years. It is also actively engaged in 
incremental improvements in manufacturing capabilities by promoting a large number 
of little investments over a long period of time. 
The production process consists of two main lines: machining and assembly. 
As stand-alone numerical control machines are used, skill workmanship is not 
necessary. However, the company is planning to increase the level of automation in 
order to reduce the number of direct labors. Automated inspection and fool-proof 
devices can be found at critical points. Although a CAD/CAM system is utilized in 
drawing and manufacturing activities, no computer application is found in the design 
analysis. Information transfer between functions are mostly through hard media, but 
the company is attempting to adopt information technology in order to become a 
paperless factory. 
In measuring manufacturing performance, the cost accounting system is based 
on traditional gathering of direct labor costs with overhead. There is an attempt to 
apply other performance measures such as direct costing which incorporate wider 
dimensions of activities. 
In comparison, company A employed relatively higher level of technology than 
the others due to the fact that it continually attempts to improve manufacturing 
capabilities hy making both small and large investments. While small improvement is 
made through the application of bottom-up activities, large investment is carried out 
through top management decisions. 
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5.3.6 Production Planning and Control 
As the industry is very sensitive to demand fluctuation, delivery becomes the 
second most important goal in manufacturing. In company A, production planning 
consists of three-year aggregate planning, yearly production planning, six-month 
planning, monthly planning, and daily planning. Like most organization, the company 
adopts mixed plan between chase demand and level production ph.n to cope with 
fluctuation. During peal( period, measures like overtime, subcontracted workforce, and 
subcontracted tasks to other suppliers, are used. However, the company still needs to 
improve its delivery performance in order to satisfy the demand during peak period. 
No companies under study applies the concept of just-in-time in delivery and 
supply management due to their vendors' inability to respond. In company A, a 
production plan is sent to vendors every month, and a part inventory is kept during low 
season for use during peak time. In daily production planning, company A installs a 
production control board at the end of the line so that workers can autonomously 
control their production timing as a group. 
5.3.7 Customer service 
The marketing division of Company A consists of three departments: 
distribution, customer service, and educational services. As stated earlier, it places 
service and distribution as critical success factors, next only to quality. Therefore, it 
has the largest distribution network spanning all the main regions of the country. It has 
established good relationship with dealers by providing training and recognition. For 
customer service, there are a number of regional parts and service centers, together 
with mobile service units which regularly visit customers to provide free checking 
service and advice. Although all the companies have similar warranty policy, company 
A is able to dominate the market by having more access to customers and providing 
after-sales services for the lifetime of the products. It also offers educational services 
to young agriculturers in rural areas as a fonn of social contribution. Thus the 
company has been able to secure high customer loyalty for more than ten years. 
97 
Analyses of the Thai Case Studies Chapter Five 
To make use of the field data, its annual service plans include guidelines for 
systematic collection of field reliability data. Customer complaints are collected from 
technical service center, dealers, distributors, and customers. The marketing 
department then prepares technical claim report which are fed back to manufacturing. 
In this way, field problems are analyzed, corrected, and prevented. 
In conclusion, the strength of company A lies in its distribution channel, 
service network, and its field quality f e e ~ b a c k k system. 
5.3.8 Supplier Relationship 
In all companies, it has been estimated that the major source of quality 
problems lies in purchased parts. Even though every company recognizes this fact, 
only company A has active cooperation with its vendors. As the company purchases 
more than 80 percent of its parts from domestic suppliers, cooperative relationship is 
crucial to achieving purchasing goals. 
The company places quality as the most important purchasing goal, followed 
by reliable delivery, and cost. The process of selecting vendor is bidding and sourcing. 
Bidding/quotation is used for suppliers of standard raw materials such as luhricants, 
whereas sourcing is used for suppliers of parts and components. In selecting a vendor, 
the company considers past performance record, process capabilities, quality control 
system, and management system. 
The company employs single sourcing, double sourcing, and multiple sourcing 
policies. Multiple sourcing is used to resolve shortages of parts due to demand 
fluctuation, and the maximum number of vendors in multiple sourcing is three. The 
company establishes no legal contracts with vendors as the relationship is based on 
mutual trust. In general, it rarely changes vendors, and it has an active partnership 
relationship with them. For example, the purchasing department (PU) works closely 
with vendors during the period of high demand. The manufacturing department also 
provides assistance to vendors through its kaizen teams. Vendors who are interested 
can apply to the supplier assistance program in order to be selected by the teams. This 
is made possible because each team member was initially assigned to ten vendors in 
order to familiarize himself with their operations. An0ther approach to selecting 
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suppliers for assistance IS based on the claim rate. In this case, the purchasing 
department provides a list of vendors with problems, and the teams decide which 
vendors should be selected. Once the problems are solved, it is the responsibility of PU 
to perform after-checks. Thus, cross-functional management between manufacturing 
and purchasing is essential to solving problems with vendors. 
In general, the benefits associated with vendor kaizen are cost saving, 
productivity improvement, and elimination of chronic quality problems. In contrast to 
its Japanese parent, the company provides assistance to vendors without charge, and 
lets the vendor keeps all the cost savings. As a result, most vendors are very 
cooperative, and the company is able to propagate its quality culture to vendors as well 
as extend its social contribution in the form of technology transfer. 
5.3.9 Human Resource Management 
Company A adopts the human resource management policy from its Thai 
parent, stating that 'We value our people". In this study, human resource management 
was assessed by considering the issues of employment system, employee training, 
employee participative climate, functional integration, decision-making mechanism, 
performance evaluation, and existing cultural pattern. 
(a) Employment System 
In general, company A recruits fresh graduates as well as experienced 
employees. As it has a prestigious Thai parent, the company is able to select highly 
qualified graduates who will be provided with their own career paths once entering the 
company. Although lifetime employment is not explicitly guaranteed, the company 
does not usually layoff its employees according to the policy of its Thai parent. 
As job hopping is a widespread practice, it is not uncommon for employees to 
leave the company after two to three years of working in order to seek higher salaries 
elsewhere. Despite the relatively less turnover rate than most Thai firms, the company 
is sometimes regarded as a perfect starting place for those wishing to 'decorate' their 
curriculum vilas. 
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(b) Employee Training 
Employee training is an issue which distinguishes company A from the rest. 
Not only that the company has adequate financial resources, it also has an advantage 
over others in its better educated and highly qualified workforce. 
Its entry-level training for technical employees covers wide ranges of issues 
including technical skills, quality control, and knowledge of the production process. 
For ongoing training, the company provides both on-the-job and off-the-job training. 
On-the-job training is provided by peers, training personnel, and outside experts. The 
company regularly hires Japanese experts to provide training in various fields such as 
the seven quality tools, quality function deployment, and other technical subjects. Off-
the-job training involves company-sponsored lectures and public seminars. The 
company also supports employees wishing to pursue higher education by giving full 
scholarships to them. 
(e) Employee participative climate 
In general, all the companies under study encourage employee participation. 
However, the top management of company A provides more concrete support due to 
its commitment to people. It constantly provides feedback and acknowledgment to 
maintain the morale of employees .. For example, a reward and recognition system is 
established for all bottom-up activities such as 5s, suggestion system, and small-group 
activities. 
(d) Functional Integration 
Cross-functional integration is facilitated through the adoption of functional 
management which is part of the total quality management approach. The TQC 
department establishes cross-functional goals which must be held across various 
functions in tenns of cost, quality, delivery, safety, and morale. The roles of each 
department toward the common goals are determined during interdepartmental 
meetings. At the end of each year, cross-functional audits are conducted in order to 
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assess the extent to which the goals have been met and to discover problems and 
obstacles. 
Cross-functional integration is also promoted in the form of formal meetings 
between departments. For instdnce, production quality meetings are held monthly 
between manufacturing, purchasing, and technical services in order to discuss the 
causes of quality problems which occurred during the past month. In this way, 
corrective and preventive actions can be implemented in a timely manner. 
(e) Performance Evaluation 
In company A, performance measurement and reward systems are based on 
both group and individual contribution. A goal-sharing financial plan exists which ties 
individual perfonnance to group and company performance. In promotion criteria, 
each employee has his own career path so that he knows which direction he is 
following. Although the company generally values length of service, seniority-based 
promotion is not heavily practiced as in the Japanese cases. An example can be seen in 
the process of selecting top management. The prospective top executive should not 
only be 'born in the company', but he must also be highly competent and well-known 
both within and outside the organization. 
(1) Existing Cultural Pattern 
In company A, the traditional practice which fosters the growth of the company 
is its emphasis on people. Each employee is aware of his career path and his 
significance, resulting in pride in working for the company. 
Another positive cultural aspect within company A is the quality pervasiveness 
which was a result of top management commitment and vision. Top management 
actively provides guidance and allocates resources to employees for their improvement 
efforts. Appropriate feedback and acknowledgment are given at the company level 
through annual functions. In addition, employees are continually reviewed with the 
fundamental concepts of quality. and they understand that there are no tradeoffs 
between quality and short-term convenience. 
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Continuous improvement is another positive cultural aspect at company A. 
Employees tend to be aware of the everlasting changes in the market environment 
which, in turn, induce changes in their jobs. They are adaptive to changes and eager to 
r:-:.ake improvements in every aspects of their work. 
One of the typical problems for most Thai manufacturers is the existing gap 
between blue- and white-collar workers, which could impede effective coordination. In 
the case of company A, university graduates are placed immediately at higher ranks 
than non-university ones, and are trained in a different atmosphere without hands-on 
experience. The fact that the inexperienced university graduates receive higher 
financial and social status aggravates the differentiation. This gap is further enlarged 
by the different position classifications and different career paths. 
5.3.10 Company A Summary 
Company A has a number of advantages due to the reputation of its Thai 
parent, adequate financial resources, and highly-qualified personnel. It implemented 
the TQM approach due to the quest for organizational growth and continued success. It 
has an organizational culture which is amenable to change, and rapid organizational 
learning processes as a result of adopting TQM. This will ensure its continuing success 
and sustainable development. 
The relatively high product prices of company A were compensated by the 
advantage of being the first producer with the largest distribution network and 
extensive after-sales services. However, the company has to improve its price 
competitiveness since company B is penetrating the market with similar strategies. 
5.4 Company B 
Company B is a licensee of the products made by one of the largest business 
corporations in Japan. Its Thai parent is a group of entrepreneurs which has recently 
made headlines by the impressive financial performance of its company in the stock 
market. Established in 1991, the company can be regarded as a neWC0mer as compared 
with the other participants. The company has recently achieved an ISO 9002 
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registration and are attempting to introduce the principles of total quality management 
in its operations. 
5.4.1 Company Strategy 
Besides profitability, the company's strategic objectives are to increase its 
market share by 10-15 percent within five years, and to become the leader in the 
Indochina markets. To increase market share,· company B employed aggressive 
marketing strategy by promoting its products through various media and setting up a 
large distribution network that offers incentives to dealers reaching sales targets. 
It also adopted a strategy which has proved to be effective in company A by 
providing regular after-sales service and social contribution to customers. In aiming to 
become the leader in the Indochina markets, the company has recently invested in a 
joint venture to establish an assembly plant in a neighboring country. 
With the present rate of market growth, the company has now captured the 
second largest shares in the Thai market, and it seems that this young company has 
accomplished part of its strategy. As a newcomer. it has the advantage of a faster 
learning curve by using the experiences of others. 
5.4.2 Manufacturing Strategy 
Manufacturing strategy seems to be given less importance in the overall 
company strategy. This is because the company partly relies on its Japanese licenser 
for manufacturing investment and decisions. Another possible reason is that it might 
have perceived the needs to overcome existing customer loyalty. and therefore placed 
more emphasis on marketing strategy. 
5.4.3 Quality Policy 
As stated earlier, the company has recently acquired an ISO 9002 certificate. 
and it is introducing total quality management in the organization. A quality council 
was set up to plan and implement various quality activities which tend to be started in 
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manufacturing. Rather than implementing a company-wide quality program, top 
management tends to focus on manufacturing activities and extends the efforts to other 
functions later. 
5.4.4 Quality System in Manufacturing 
Like company A, the quality system in manufacturing consists of incoming 
inspection, in-process quality control, final inspection, failure analysis, and guage and 
equipment calibration system. For incoming inspection, sampling plan and skip lot are 
utilized. Besides in-process quality control performed by operators, neighbor 
inspection is also used to minimize quality problems. 
In general, the quality system and procedures are designed to comply with the 
ISO 9002 standard. As compared with company A, this company has more limited 
failure analysis capabilities, and it does not make extensive use of small group 
activities. 
5.4.5 Manufacturing Capabilities 
The company moved to its new plant in 1995, and it has updated the 
production process by installing computer-numerical controlled machines in the 
production lines. Like company A, the application of computing is found in various 
functions such as CAD/CAM in engineering and manufacturing, and MRP in 
production planning. The main difference lies in process innovations which are part of 
continuous improvement efforts. For example, automatic checking devices are not 
applied as much as in company A. 
5.4.6 Production Planning and Control 
The first impression of a visitor touring the plant is that the shop floor is very 
clean and organized, and there are a very small in-process inventories. Like company 
A, part/component inventories could be found at a relatively low level, and the main 
reason for keeping them is due to external suppliers rather than internal problems. 
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Unlike company A, the plant uses only overtime employment during peak per 
needs to respond to a lower demand. However, it seems to face more instabilit: 
volume changes probably as a result of increasing market shares. In terms of 
lead time, the performance of company B is average as compared with th 
companies in the industry. 
5.4.7 Customer Sen"ice 
The company perceived customer service as its main strength due to th 
efforts being put into this area. It has adopted similar practices as those of coml 
by providing regular mobile service to customers in the countryside. It has also 
emphasis on social contribution such as providing lunch funds for rural childrt 
sponsoring major concerts with contribution to the children who are their 
customers. Further, the company sends medical doctors along with its technical 
to rural villages in order to provide medical and technical services. 
5.4.8 Supplier Relationship 
The company relies on 70 % of its parts from local suppliers, and the od 
% are imported from its Japanese licenser. Like company A, it selects vend< 
standard materials through bidding, and selects vendors of parts and components 
on their past performance records and process capabilities. In general, the compan 
long-term relationships with suppliers on the basis of trust rather than cont 
However, it does not provide supplier assistance program and technical he 
vendors. It is notable that the means of interacting with vendors are througl 
purchasing function and informal relationships among top management. 
5.4.9 Human Resource Management 
As company B is relatively new, job turnover is not of much concer 
management. To instill company loyalty, the managing director continually stn 
that the company is for the employees and that [he company tries to encourage 
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enrichment in order to improve working conditions. Other issues concerning human 
resource management are discussed in the next sections. 
(a) Employment System 
Like most companies in Thailand, the company prefers recruiting experienced 
oersonnel from other companies rather than fresh graduates. This is partly because it is 
a newcomer which needs to catch up with existing companies. The drawback is that 
experienced employees may bring with them the work practices adopted from their 
previous jobs which mayor may not be suitable for the company climate. 
(b) Employee Training 
Entry-level training of technical personnel consists of quality control skills and 
knowledge of the whole production process. Ongoing training is done in both formal 
and informal manner. Formal training is provided by sending employees to classes 
organized by universities whereas informal training is provided in house by visiting 
experts. The contents of training are both technical and general, covering other areas in 
the company not necessarily related to product quality. All employees must learn 
about their products and the customers in order to understand how their jobs are 
important to the products and to other functions. 
(C) Employee participative climate 
To promote employee involvement, company. B adopted suggestion systems, 
whose purposes were to increase job satisfaction, increase employee participation in 
work improvement, and promote employee initiation. Another form of employee 
participation is in the weekly reports from lower-level employees to the next-level 
management. The company also uses an open-door system in the office layout in 
which management's offices reside along the hall way thus providing easy access and 
no physical barriers between management and employees. 
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(d) Functional Integration 
Cross-functional management in company B has not been done according to 
the method of functional management in the TQM approach. The present means of 
interdepartmental coordination is through weekly meetings among various functions. It 
can be asserted that the smaller company B is less bureaucratic than company A as 
reflected in the various means of communications. 
(e) Performance Evaluation 
As top management places high values on company loyalty, it tends to place 
more emphasis on length of service when promoting technical staff, followed by 
achievement in current job, ability appropriate to the next job, and business-generated 
contributions. 
(t) Existing Cultural Pattern 
As the company is relatively new, it is difficult to assess any existing cultural 
pattern if one exists at all. However, it may be asserted that the company adopts a less 
fonnal management style than that of company A. In addition, discipline and company 
loyalty are the undetlying themes strongly emphasized by top management. 
Employees seem to be satisfied with their work, and are regularly infonned about what 
is going on with their company and with the market. 
5.4.10 Company B Summary 
This company has a financial advantage due to its presence in the stock market, 
technological advantage due to the strong technological base of its Japanese licenser, 
and marketing advantage due to the use of a famous Japanese brand name. Most of all, 
it has the advantage of a shorter learning curve as it can learn from the experiences of 
others. These adv:mtages have been used to facilitate investment in modern equipment 
and establish a large distribution network, and have helped the company catch up with 
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existing manufacturers in a short time. Although management aggressiveness has led 
to a fast gro\\-th, it should avoid making a habit of relying on quick-fix solutions or 
short-term innovations. In the adoption of total quality management, top executives 
need to be aware nc! to jump right into the TQM programs without first preparing the 
groundwork. Otherwise, the approach will not gain company-wide acceptance and 
sustain long-term growth. 
5.5 Company C 
Company C is a Thai-Japanese Joint venture established in 1980. According to 
the customer survey, its products are average in terms of price, quality, and after-sales 
services. In the first few years of operation, the company earned equivalent market 
shares with company A, but it was surpassed by its competitor. With less than a 20 
percent share over the past decade, the company appears to be content with its current 
situation. 
5.5.1 Company Strategy 
In the beginning of its operations, the company received an award for being 
among the plants with highest efficiency and quality, and was among the recipients of 
the Factory Health and Safety Standard Award. Despite the good start, it was 
overtal(en by its competitor for a number of reasons, one of which is the company 
strategy. 
In developing the company strategy, top management failed to recognize 
customer service and distribution network as the main success factors. When company 
A expanded its distribution network to popularize its products, it gradually built up 
market share until it exceeded that of company B. After-sales service was another 
factor which helped increase sales and secure customer loyalty. In an agrarian society, 
people are generally collective and easily influenced by groups. Therefore, company 
A's products were quickly spread through words of mouth and customer satisfaction. 
The lack of action on the part of company B has caused the drop in market ~ h a r c . .
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5.5.2 Manufacturing Strategy 
Manufacturing strategy is not clearly declared, and the company might be 
called "stuck in the middle" according to P o r t ~ r ' s s term since it fails to develop strategy 
in at least one of the three directions: cost, differentiation, or focus (Porter, 1980). The 
company does not entail the lowest product price nor largest distribution network. 
Neither does it have the best after-sales service nor product quality. 
5.5.3 Quality Policy 
Although quality policy existed, it was not clearly communicated to employees 
leading to a lack of direction within the organization. There exists no responsible 
person or committee to oversee the quality policy and its implementation. Quality 
activities are only carried out in the area of manufacturing. Rather than adopting an 
integrated quality management system, the company tends to adopt certain techniques 
such as 5s, suggestion systems, and QCC, in isolation. These techniques were not fully 
effective when applied on their own. 
5.5.4 Quality System in Manufacturing 
Like company A and B, quality system in manufacturing consists of incoming 
inspection, in-process quality control, final inspection, failure analysis, and guage and 
equipment calibration system. Although in-process inspection is done by operators, 
neighbor inspection is not practiced to reduce operator's controllable defects. Thus, 
quality problems caused by human errors are relatively higher than those in Company 
A and B. Despite· the fact that small group activities are practiced within 
manufacturing, there is a lack of a system to monitor new standards, leading to short-
lived results. 
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5.S.S Manufacturing Capabilities 
Overall, the number of small and large investments carried out over the past 
three years is smaller than that of company A and B. 
Assessment of manufacturing capabilities include an evaluation of the extent to 
which computers are used in design, production, production planning, process 
planning, and other administrative functions. The manufacturing capabilities of 
Company C were found to be lower than that of Company A and B in terms of failure 
analysis and equipment calibration, process innovations, and the use of information 
technology. 
5.5.6 Production Planning and Control 
In company C, aggregate planning span a shorter period than company A and 
B. Like all companies under study, it adopts a mixed plan, between chase demand and 
level production to cope with seasonal fluctuation. However, the company does not 
face problems in satisfYing customer demand as reflected in its superior performance 
in inquiry lead time. 
5.5.7 Customer Service 
After-sales services are performed in a less extensive manner than those of 
company A and B. Although the company offers customer services during the 
warranty period, it does not provide regular mobile services to rural customers. Its 
after-sales services are perceived by customers to be slightly under the industry 
average. This is probably due to the high reputation that the first two companies have 
established. As for distribution, the company is at a disadvantage in that it has a 
smaller number of dealers than the first two companies. However, the company treats 
its dealers in the same manner as the other two firms by providing annual training. 
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5.5.8 Supplier Relationship 
The process of selecting suppliers are based on cost and past performance. Like 
the other companies in the study, it has long-term relationship with all suppliers based 
on mutual trust. However, the company does not have technical collaboration with 
suppliers. The general practice is that when defective parts are found, they can simply 
be exchanged with on-spec products without further investigation or collaboration to 
find the causes. 
5.5.9 Human Resource Management 
(a) Employment System 
The company generally prefers hiring experienced workers to fresh graduates. 
The level of education of an average worker is lower than that for company A and B. 
(b) Employee Training 
Employee training and development is not given much emphasis in the 
company strategies. As compared with company A, employee training is conducted in 
a less systematic manner. Entry-level training for technical employees does not include 
quality control skills, and ongoing training cannot be performed on a long-term basis 
due to employee turnover. 
(C) Employee participative climate 
Like company A and B, the company promotes employee involvement by the 
use of a suggestion system and small group activities. The number of suggestions 
approved by management is relatively lower than those of company A and B due to 
insufficient training. Although there is utilization of teams on the shopfloor, middle 
management is not entirely supportive because the organization is not structured to 
respond to initiatives from lower levels. 
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(d) Functional Integration 
Cross-functional integration is carried out in routine interdepartmental 
meetings between production planning, manufacturing, and "1arketing. There seems to 
be a lack of common goals between depaItments in terms of cost, quality, and 
delivery. As there is insufficient coordination between distribution and manufacturing, 
field problems are not systematically corrected. 
(e) Performance Evaluation 
Due to the lack of direction, performance tends to be judged by isolated 
incidents and by functional goals rather than organizational goals. Length of service is 
generally valued because people who stay with the company are perceived as being 
loyal and should be rewarded. 
(f) Existing Cultural Pattern 
"Contentment" seems to be the right word that explains existing cultural 
pattern in company C. During the past twenty years, not many changes have occurred 
within the organization. Its stable market shares does not cause much concern to top 
management, and the company probably needs some types of crisis to revitalize its 
organization. 
5.5.10 Company C Summary 
For its lack of direction, company C can be compared with a ship floating in 
the sea. So far the weather has been good, and the ship stayed afloat just fine. Now that 
the water is getting turbulent, there is a high possibility that it will run aground or be 
capsized. This tragic situation can be avoided through the captain's leadership and 
commitment of his sailors. In order to improve overall performance, top management 
of company C needs to fonnulate a strategy which sustains long-term development and 
encourages everyone's participation. 
112 
Analyses of the Thai Case Studies Chapter Five 
5.6 Company D 
Company D is a Thai company with the smallest production capacity and the 
smallest market share. It started production in 1980, but had to pause for a few years 
due to internal problems. Finally, the company was taken over by another group of 
entrepreneurs, and it now appears to be a small and somewhat family-owned 
organization. It imports certain parts from mainland China, making it the low-cost 
producer. As the company only manufactures a small range of products, it is a process-
focused plant serving a single product market. Unlike other competitors, the company 
is not located in an industrial estate, but in a small province near Bangkok. 
The organization chart of Company D consists of three main divisions: finance 
and administration, marketing, and manufacturing. At present, responsibilities for 
manufacturing and marketing are delegated to the plant manager due to the lack of 
management personnel. As compared with the others, the company is smallest in terms 
of registered capital, production capacity, and the number of employees. 
5.6.1 Company Strategy 
For company D, the main strategic objective is sales growth due to its smallest 
market shares. In response to this, top management aims to employ a marketing 
strategy which stresses promotion and advertisement. The emphasis on marketing 
strategy can be attributed to a number of reasons. First, promotional campaign 
consumes less time and efforts, and it gives quick results. The company also has 
limited financial resources, and its top management does not prefer to invest in a long-
term plan. As the products are most competitive in price, they are attractive to low-end 
customers who are not too demanding about quality. 
5.6.2 Manufacturing Strategy 
Company 0 adopted no systematic approach to fommlating manufacturing 
strategy. Besides satisfying the production plans, there is a lack of common goals 
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within manufacturing. Even if there is a common goal, there is no vehicle to make it 
happen. Typically, the manufacturing manager is busy with short-term pressures to 
meet daily schedules and resolve operating problems. This is understandable 
considering the fact that he also acts as a marketing executive thus having little time to 
do anything else. 
5.6.3 Quality Policy 
The company has no quality policy as top management does not realize its 
importance. The approaches to quality problems tend to be reactive, and there exists no 
company-wide systematic efforts in quality improvement. Due to the lack of 
management support, few quality programs have been initiated, and those 
implemented were not completely successful. 
5.6.4 Quality System in Manufacturing 
In manufacturing, there is an attempt to use bottom-up activities such as a 
suggestion system. However, the percentage of suggestions approved by management 
is rather low (less than 20 %), reflecting the lack of appropriate training and 
management commitment. Small group activities were once introduced, but soon 
faded away due to the lack of motivation and support. 
Unlike the other companies, there is no quality control department which keeps 
track of quality records and activities. Quality responsibilities are generally given to 
supervisors in relevant sections. In quality control, a sampling plan is used for 
receiving inspection. If quality problems are found, the defective parts will be sent 
back to suppliers in exchange for good products. In the production process, techniques 
such as statistical process control and design of experiment are not utilized as they are 
not known to workers and supervisors. 
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5.6.5 Manufacturing Capabilities 
Due to limited financial resources, company D has not made many 
manufacturing investments ovt>r the past three years. 
While the production process is the same as that in the other companies, the 
level of technology is relatively lower, particularly in process innovations. Due to 
insufficient training, workers were not able to acquire the capabilities to upgrade the 
production system. As for other functions, such as process planning, administration, 
accounting, marketing and sales, the extent to which computer application is adopted 
is low. 
5.6.6 Production Planning and Control 
In production planning, the company adopts a six-month aggregate plan, and 
utilizes chase demand and level production methods to cope with uncertainties. The 
plant generally faces little degree of operational instability due to schedule changes, 
expediting of orders, and volume fluctuation. This is because its production volume is 
small as compared with the others. It should be observed that company D has a large 
amount of work in process due to erratic process yields. However, it does not try to 
reduce the inventory levels as the company has rather limited resources. 
5.6.7 Customer Service 
Company 0 has a smaller number of dealers as compared with its competitors. 
It employs before-sales services by sending technicians to the dealers' premises in 
order to provide checking services prior to sales transactions. There are four technical 
service centers in the major parts of the country. However, the functional goals of the 
company's support service is not clearly established in terms of quality, delivery, and 
cost. The company has no annual service plan due to the lack of human resources. 
Neither does it have a quality feedback system which fosters overall quality efforts. 
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5.6.8 Supplier Relationship 
For company 0, the most important purchasing goal is high quality 
components. Sourcing is its process of selecting suppliers, and it is usually single or 
double-sourcing. Although no legal contracts are established, the company rarely 
changes suppliers of parts and components. 
Like all the other participants, purchased parts are the major contribution to 
quality problems. Company D assists its vendors by sending technicians to help solve 
technical problems. However, the degree of cooperation is much smaller than that of 
company A. 
Although local content government regulations are no longer valid, the 
company purchases more than 80 percent of its parts from domestic suppliers or 
vendors. Thus, cooperation with vendors is crucial to achieving purchasing goals. 
5.6.9 Human Resource Management 
(a) Employment System 
Company 0 generally employs workers from local areas, and it has been facing 
problems with high turnover rate among technical employees. This is due to the fact 
that the company is small and situated in a remote area which are unattractive to labor 
forces in tenns of location. Further, the company is not able to provide a satisfying 
work environment and high salaries to workers due to its financial limitations. It is 
thus very difficult for the company to recruit and retain workers. To help attract 
employees, the company provides in-house technical training to students from 
vocational schools around the areas. This approach has been effective in recruiting 
workers yet it could not relieve the turnover problem. 
It should be noted that the company has only one university-graduated engineer 
from mainland China. It has no plan to recruit additional engineers because the 
company could not afford to pay high salaries. 
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(b) Employee Training 
Most workers hold secondary education certificates, which are lower than those 
in the other three companies. Entry-level training for technical employees consists of 
technical skills and knowledge of the production process. Ongoing training is done on 
the job only, and is not formally structured. The company is in need of leadership 
training for supervisors as the workers who were promoted to the supervisory level 
severely lacked leadership skills. The company needs to train them so that they can 
communicate better with workers and stimulate positive involvement from them. 
However, the company does not have qualified training personnel, and it was not able 
to find a training institution around the area. 
(C) Employee Participative Climate 
Employee participative climate has a typical pattern in a family-owned 
organization due to the presence of cultural characteristics. As Thailand is a 
hierarchical society, the Thai employees tend to expect large hierarchical gaps between 
levels of management. Thus they are generally reluctant to initiate, and 
communication tends to be from top down only (Holmes and Tangtongtavy, 1995). 
Without appropriate channels, bottom-up communication would be very limited. 
(d) Functional Integration 
Without an established system, functional integration can be affected by certain 
cultural characteristics. Being a strongly collectivist society, the Thais are tightly 
integrated into groups (Holmes and Tangtongtavy, 1995). With a lack of common 
objectives among departments, this great sense of affiliation could create 
interdepartmental conflicts due to contradictory functional goals. As the organizational 
system in company 0 does not foster lateral relationships, this could be a potential 
problem in the organization. 
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(e) Performance Evaluation 
The system of performance evaluation is similar to that of company C due to 
the lack of performance objectives. That is, performance tends to be judged by the 
length of service, and by individual achievements rather than the organizational goals. 
(I) Existing Cultural Pattern 
Company D is a local company which has a number of typical Thai 
characteristics as stated earlier. Since it is situated in a small province, most people are 
hired from the same area. Being familiar with each other, the employees sometimes 
have a hard time differentiating between work life and personal life. To maintain 
relationships, they try to avoid conflict as much as possible. This compromising 
nature has an affect on decision-making process because the best decisions may not be 
reached. It also affects the quality system in the plant as quality problems may be 
disregarded for fear of blaming others. For the same reason, the root causes of any 
operating problems may have never been found. 
5.6.10 Company D Summary 
Unlike all the other companies under study, company D has both financial and 
human resource limitations. Its top management is not committed to quality 
improvement, and its differentiation strategy in being the low-cost producer runs the 
risk of losing grounds if the competitors are able to reduce costs. While the other 
companies are adopting some types of integrated quality management system, 
company D remains the same. To keep its cost competitiveness, the company should 
adopt total productive maintenance (TPM) which maximizes equipment's 
effectiveness and yields cost reduction in a short run. This would also serve as a good 
start for the other types of quality system which would be beneficial for the company 
in the future. 
I 18 
Analyses of the Thai Case Studies Chapter Five 
5.7 Comparison among the four Thai companies 
Table 5.1 contains certain performance characteristics of the four companies. It 
can be s e ~ n n that the companies which have better performance than the others are 
companies A and B. According to the Table, both companies outperform the others in 
term of business results, market quality evaluation, and utilization of assets. For 
business results, A has the largest market share while B has the highest growth rate. 
The market quality evaluation reveals that the two firms enjoy higher customer 
satisfaction in product features and customer services. This is in line with the critical 
success factors of the industry being the quality of products and services. In terms of 
the utilization of assets, companies A and B have lower inventories at year end as a 
percentage of total assets. They also retain lower levels of work in process, reflecting 
better manufacturing perfomlance. 
The performance of the four companies can be assessed by employing the 
performance measures developed in Section 3.3.5. The eight criteria consist of: 
management commitment, organizational integration, quality policy, human resource 
management, management of process, quality system in manufacturing, supplier 
management, customer focus. 
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Table 5.1 Performance characteristics of the four companies 
A B C D 
I. Management Commitment 
Market share 65 % 20 % 10% 
5% 
Sales growth rate 10-12 % 15% < 10% 
<10% 
Commitment to quality rQc division Quality No quality No quality 
reports Council steering steering 
directly to 'top committee committee, 
mgmt no quality 
policy 
2. Organizational integration 
rop-down Policy mgmt. Top mgmt. 
Topmgmt. Top mgmt. 
& deployment. Meetings. meetings, meetings, 
daily mgmt. shopfloor shopfloor shopfloor 
Shopfloor morning morning morning 
morning meetings. meetings meetings 
meetings, company 
company brochures 
brochures 
Bottom-up Suggestion, Suggestion, 
Suggestion, Suggestion 
QCC, QCC, QCC 
kaizen teams Open-door 
system 
Cross-functional Functional Inter-
Inter- Inter-
mgmt., departmental departmental departmental 
internal meetings meetings meetings 
customer 
3. Quality policy 
Existence of quality policy Yes Yes 
No No 
Quality practices TQM, kaizen TQM.QCC, QCC, 
Suggestion, 5s 
QCC, suggestion, 5s suggestion 
suggestion, 5s 
Quality certificates ISO 9002, ISO 9002, TISr* 
TISI· 
TISI· T1sr* 
4. Human Resource 
Management 
Approx. no. of employees 320 200 
170 110 
Educational level grade 12 grade 12 
grade 9 grade 4 
Suggestions/employee! yr 9 8 
5 3 
Suggestions approved by 61-70% 61-70°
/0 21-40 % <20% 
mgmt. 
Training frequency ~ 4 4 2-3 I 
< I 
(times/mo) 
5. Management of Ilrocess 
Production capacity 340.000 227.000 
180.000 120.000 
(units/yr) 
Total inventory () r cnd) 26-35 26-35 26-35 
26-35 
(% of 10lal a,'cls) 
i'art/compom:nt inventory 16-25 16-25 16-25 
16-25 
(% oftolal assets) 
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WIP inventory < 15 < 15 16-25 16-25 
(% of total assets) 
Attempt to reduce inventory high high moderate little 
\\'ork standardization high. by teams high. by teams high. by mgr. low 
6. Quality svstem in manufacture 
Incoming inspection Sampling plan Sampling plan Sampling plan Sampling plan 
and skip lot, and skip lot and skip lot 
tokusai system 
In-process inspection Operation Operation --
standard standard 
manuals, manuals, 
neighbor neighbor 
inspection, inspection, 
poka-yoke, 
SPCIDOE, SPC, SPC 
kaizen, QCC QCC QCC 
Final inspection Individual Individual Individual 
Individual 
running test, running test, running test, running test, 
endurance and endurance and endurance and endurance and 
reliability tests reliability tests reliabi lity tests reliability tests 
by sampling by sampling by sampling by sampling 
1---. 
7. S u ~ ~ l i e r rMan!Sement 
Supplier relationship mutual trust mutual trust 
mutual trust mutual trust 
% of long-term suppliers > 80 > 80 > 80 
> 80 
Suppliers into lfTrrQM 20% none none none 
program 
T I!chnical coopl!ration Yes No No 
Yes 
with suppliers 
8. Customer Focus I 
Design technology expertise 
-R&D expenses (% of sales) >5 >5 >5 >5 
-R&D activities modify none 
none none 
Japanese 
models 
Customer service Service Service 
Service Service 
centers, centers, centers 
centers, 
mobile mobile before-sale 
services, services, service 
education medical 
services. services. 
lunch funds. 
Field quality feed hack system Servicelmkt! -- --
--
manufacturing 
Existence of market research Yes Yes Yes 
No regular 
basis 
Customer survey comparison 
(Rating Score = 10) 
- Price (82**) 6.4 8.2 8.5 9.7 
- Product features (7.83**) 9.3 8.3 7.6 6.1 
- S ~ r \ i c ~ ~ 0.93") 9.9 8.--1 7.4 6 
- Inquiry lead-time (8*") 7.5 8 8.4 8.1 
• TlSI = Thai Industnal Standard Institute ** The mdustry averages 
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5.7.1. Management Commitment 
Management commitment is more obvious in Companies A and B. As one of 
the earliest companies to adopt TQM in Thailand, Company A adopted it without ary 
crisis requirement. Being partially influenced by the success of its Japanese partner, 
top management at Company A believe that TQM is the right tool for competitiveness, 
and t ~ ~ y y wholeheartedly adopt the philosophy. Management commitment is evident in 
that the Total Quality Commitment (TQC) Division reports directly to the Managing 
Director. All the executives undergo TQM education and training, and are all familiar 
with policy management and deployment. They conduct TQM audits on a yearly basis 
in order to sustain the efforts of continuous improvement. They allocate resources and 
budgets to the employees at lower levels for their improvement activities, and are 
present at the company's annual QCC contests to give out awards and recognition. 
At Company B, management commitment can be viewed through its active 
involvement in acquiring an ISO 9000 certificate. Top executives are eager to learn 
about new competitive approaches as they are constantly attending seminars and 
courses. They also initiated the TQM movement within the company, and set up a 
quality council to oversee the planning and implementation. 
Top management at Companies C and D are not committed to continuous 
improvement. They lack the vision to make changes in the organization in order to 
become more competitive. 
5.7.2 Organizational integration 
Company A attempts to integrate the various elements of the organization by 
implementing TQM promotional vehicles. Policy deployment, cross-functional 
management, and bottom-up activities are used to promote communication in the top-
down, interfunctional, and bottom-up directions. As it is vital that organizational goals 
are communicated and understood throughout the company, policy deployment helps 
make the organizational goals more concrete as they are passed down to lower levels. 
Cross-functional communication is facilitated by adopting the concept of internal 
customers which also reduces interfunctional conflicts; Small group activities are used 
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to stimulate bottom-up communication, and quality progress is communicated all over 
the company through various publications. Employees seem to have quality awareness, 
feel similar sense of pride, and are alert for changes. It can thus be stated that 
Company A has succeeded in instilling a culture of con!inuous improvement. 
In Company B, management executives try to unite the organization by heavily 
stressing that the company is for the employees. They adopt an open door policy in an 
attempt to become accessible to the members of the organization. Quality control 
circles and suggestion system are used to stimulate employee involvement at the shop 
floor level, but other TQM promotional vehicles have not been implemented. In 
general, employees are tied to the company through the somewhat family-like 
atmosphere and economic benefits from the company's well-being. 
In Companies C and D, there is a lack of vehicles to promote organizational 
integration, and communications tend to be in the top down direction. Although the 
companies are small, interdepartmental goal conflicts sometimes occur due to the 
differentiation by functions. Without quality initiatives at lower levels, full employee 
involvement potential cannot be reaped. 
5.7.3 Quality policy 
Quality policy in Companies A and B clearly states the company's 
commitment to delivering quality products to customers. In particular, Company A 
declares that quality is everyone's responsibility, including suppliers; and its quality 
strategy not only covers the manufacturing areas but also all the other functions that 
are associated with the customers and the general operation of the company. The 
quality goals are realistic and are supported with adequate resources. 
Companies C and D do not have a quality policy as they lack the quality goals 
and do not realize their significance. 
5.7.4 Human resource management 
Company A highly values its people as the source of competitiveness. It 
emphasizes continuous education and training in both technical and administrative 
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aspects. It also adopts job rotation and on the job learning in order to help bridging the 
functional differences. There exists a systematic career development plan that serves as 
a motivational tool and human resource development. Performance evaluation is based 
on both group and inaividual contribution, and there exists a goal-sharing financial 
plan which ties individual performance to organizational performance. 
Company B also trains workers on a regular basis, but it does not establish a 
career development plan for employees. Top management places high emphasis on 
company loyalty, and length of employment is the main promotional criteria. 
Although Companies C and D see the importance of their people, they are not 
systematically engaged in human resource development. Management of human 
resource sometimes encounters problems due to certain cultural characteristics such as 
high status differences which results in the lack of employee involvement. 
5.7.5 Management of process 
Companies A and B have adopted the ISO 9000 quality system that provides 
the means for tracking the system of operations. Company A is different from the 
others in that it establishes the concept of internal customers in order to create a chain 
of quality throughout the organization by having each department identify its own 
needs and the needs of the next department. Process improvements are also attempted 
from the supplier end to final inspection. The internal customer satisfaction, ISO 9000 
documentation, and continuous process improvement result in consistency, reliability, 
and better quality of products and services. 
5.7.6 Quality system in manufacturing 
In Company A, the incoming parts are evaluated in order to gain a clear 
understanding of problematic suppliers. The results are fed to purchasing and quality 
teams that will work with the suppliers. In the manufacturing process, workers are 
trained to perform inspections of the work done at the upstream process before starting 
their own tasks. Company A also installs fool-proof systems that help identify quality 
problems. Such equipment is designed by the quality teams, and is lacking in the other 
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companies. The company also employs statistical methods in problem solving and 
process-variation detection to a much greater extent than the others. 
The quality system in manufacturing within Company B is similar to all the 
others in that it consists of incoming inspection, in-process quality control, final 
inspection, failure analysis, and guage and equipment calibration system. Like 
Company A, neighbor inspection is used in manufacturing to minimize quality 
problems together with in-process quality control performed by operators. The 
difference is that Company B makes less extensive use of problem solving and small 
group activities. 
In Company C, neighbor inspection is not practiced to reduce operator's 
controllable defects although in-process inspection is done by operators. Thus, quality 
problems caused by human errors are relatively higher than those in the first two firms. 
Small group activities are used to solve problems, but there is a lack of a system to 
monitor the new standard, leading to short-lived results. 
Company D does not have a quality control department that keeps track of 
quality records and activities. It lacks a system of defect prevention and simply 
employs a reactive approach to quality problems. For example. defective parts are 
reworked and repaired without attempting to find the root causes. Techniques such as 
small group activities and statistical process control are not utilized within 
manufacturing. 
5.7.7 Supplier management 
In general, all the companies establish long-term relationships with their 
suppliers on the basis of trust rather than contracts. Bidding/quotation is normally used 
for suppliers of standard raw materials while sourcing is used for suppliers of parts and 
components. In selecting a vendor, Company A considers past performance records, 
process capabilities, quality control system, and management system. Others select 
their suppliers based on past performance records, costs, and existing connections. 
Company A stresses the quality of purchased parts, and it is sometimes 
prepared to pay higher prices. The company also works ciosc!y with its suppliers in 
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order to solve problems and improve quality and cost competitiveness. This is the 
main difference between Company A and the others. 
Company D also provides technical assistance to suppliers, but to a much less 
extent due to its limited resources. Companies B and C do not have technical 
affiliation with their suppliers. The general practice is that when defective parts are 
found, they can simply be exchanged with on-spec products without further 
investigation or collaboration to find the causes. 
5.7.8 Customer focus 
Company A is dedicated to satisfying both internal and external customers. 
Internal customer satisfaction agreement is created between departments in order to be 
used as a guideline to satisfy the needs of external customers. The company also 
conducts customer satisfaction surveys on a regular basis in order to find its strengths 
and weaknesses. According to this study, the results of customer surveys indicated that 
Company A is superior to the others in terms of product quality and customer service. 
Despite the relatively higher prices, customer loyalty is very strong due to the quality 
of products and services. However, the company needs to focus on improving its 
delivery lead time during the peak demand. 
Company B also stresses after-sales service, and conducts mobile services as 
well as provides lunch funds to future customers. Its products are increasingly 
recognized among the users as they are competitive in price, product quality, and after 
sales service. 
Companies C and D are ahead of the others in terms of price, but inferior in 
terms of customer services. Although they have good delivery performance, they need 
to artend to enhancing the quality of products and services. 
This chapter discusses the four Thai cases and compares them usmg the 
performance measures developed in Chapter 3. These companies are to be compared 
with the Japanese cases in the following chapter in order to reveal the critical factors to 
successful performance. 
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Chapter 6 
Analyses of the Japanese Case Studies 
The three Japanese companies analyzed in this chapter are the joint venture 
partners of the Thai companies A, B, and C discussed earlier. Referred to as Company 
E, F, and G, they can be considered world class as they are the winners of the Deming 
Prize. While these companies differ in such aspects as origins and organizational sizes, 
they share a number of characteristics which are discussed in the following sections. 
6.1 Company E 
Starting production in 1890 as a manufacturer of cast iron pipes, the company 
later expanded to offer a broad range of products coming from five main divisions: 
farm and industrial machinery, pipe and fluid systems engineering, environmental 
control plant, materials, and housing materials and utilities. The number of employees 
involved in the division under study is approximately 2,500 people. The company's 
main strengths lie in strong technological and sales capabilities that have been 
transferred to its Thai joint venture (Company A). It was awarded the Deming Prize in 
1976, and acquired an ISO 9002 certificate in 1994. 
The company adopted its strategies in response to rapid changes in business 
environment characterized by a highly information-oriented society, leading-edge 
technological innovation, globalization, and economic maturity. In response to these 
changes, the company has been working to reorganize its business structure, and 
making company-wide efforts to reduce costs. This resulted in three consecutive years 
of increase in domestic and overseas sales of its principal products during the harsh 
economic environment. 
As the demand for its main products is maturing, the company is striving to 
expand sales by raising the added value of its products and cultivating peripheral 
markets. It also pursues vigorous cost-reduction activities that include increasing the 
use of common parts and expanding overseas procurement. In addition, it is 
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progressing with research and development in the fields which are expected to grow 
during its contjnuing operations. 
6.2 Company F 
The company was founded in 1912 as an engine manufacturer, and it has 
grown to become one oftl:::: world's few engine manufacturers that make all of its own 
parts. As compared with the other two Japanese companies, this firm seems to be 
smaller and more specialized. Over the past sixty years, it has made significant 
achievements in inventing new types of engines, and became the first Japanese 
manufacturer to be awarded the Deming Prize in 1968. It acquired the ISO 9001 
certification in 1992. 
The company has many divisions producing different types of engines, fuel 
injection equipment and other engine components, generator and cogeneration 
systems, construction machinery, agricultural machinery, numerical controlled 
machine tools,· precision metal molds, and hydraulic equipment. The number of 
employees in the engine division is approximately 1000. 
In response to the future demand for its main products, the company aims to 
develop better engines in terms of cleaner exhaust emission, and reduced vibration and 
noise. It also conducts research and development on new types of engines such as the 
hydrogen engine and hybrid types. 
6.3 Company G 
The company was established in 1884 as a shipbuilding company. It later 
expanded into a broad range of business activities including manufacture of ships, 
steei structures, power systems, air-conditioners, heavy machinery, airplanes, and 
railroad cars. The number of employees in the engine division is roughly 2,700. At 
present, the company belongs to one of the largest financially-linked industrial groups 
in Japan. 
The company conducts business on a global scale by utilizing technological 
expertise accumulated over a centurj to continuously develop unexplored areas and 
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Improve existing products. Besides upgrading product reliability and safety, it is 
constantly refining its technology to meet such societal concerns as energy 
conservation, noise reduction and fuel efficiency. 
To respond to the harsh market environment during the last few years, the plant 
made great efforts to reduce material and manufacturing costs by every possible means 
such as improving product design, and encouraging price competition among suppliers 
through open tender and overseas purchasing. It has recently reduced the workforce by 
more than 400 employees, all of whom were offered new job opportunities in 
subsidiary companies for continuation of employment. 
6.4 Discussion of the three Japanese companies 
6.4.1 Company Strategy 
The strategic objectives were different in each company depending on their 
respective s i ~ t i o n s s and on who filled out the questionnaires. Responses from top 
management tended to be more concerned with product quality and employee's well 
being while answers from middle management were more directed toward operating 
aspects such as profitability and costs. All the companies respond to changing market 
environment by broadening and innovating the product lines, expanding the 
production systems to other countries, and pursuing cost reduction activities. 
Like most Japanese companies, the three companies establish their strategies 
based on both financial and non-financial goals. While financial goals involve such 
factors as profitability and market share, non-financial goals are related to overall 
improvements in the company's various systems and cross-functional activities. 
Annual policies are generally formulated at the beginning of the year in terms 
of long-range goals. They are transferred to lower levels by having the next-level 
managers define the goals in a more specific terms. In this way the policies become 
increasingly concrete and action-oriented as they are passed down the organization. 
This method of policy deployment helps secure commitment at lower levels as it calls 
for involvement of lower-level managers in establishing and deploying the goals. To 
examine whether the deployed policies have been properly executed, policy audits (or 
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sometimes called TQC audits) are conducted yearly at all levels of management 
starting from top management level. If deviations are detected, management will 
attempt to identify the causes in order to apply corrective measures (Imai, 1986). 
6.4.2 Quality policy 
Total quality management (TQM) is applied in all the three companies, and 
companies E and F won the highly prestigious Deming Prize in 1968 and 1976. To 
gain international recognition, all the companies have acquired either the ISO 9001 or 
ISO 9002 certificates for their main products, and two of them are currently aiming to 
achieve ISO 14000 certifications. It is worth noting that not only do the companies 
strive for continuous improvements, they constantly look for some kind of 
achievement target. According to one respondent, this helps to focus everyone in the 
same direction, "As our company is a large corporation, we need a flag so that 
everyone can follow." 
Another "flag" that attracts interests among the Japanese manufacturers is the 
Total Productive Maintenance (TPM) Prize. The TPM approach aims at maximizing 
equipment's overall effectiveness by transferring maintenance-related tasks to front-
line operators. It is gaining much attention during the current harsh economic 
environment because TPM yields faster and more tangible outcomes especially in cost 
reduction (Miyake et al., 1995). 
In general, each company has a quality council headed by a top-management 
executive to oversee the quality policy and its implementation. Normally, quality 
policy is translated into a quality plan for each department, and further deployed into 
quality targets and finally activities. 
Several means are employed to ensure that the quality policy ruillounced by top 
management is understood throughout the organization. At company G, quality policy 
is displayed in all relative sections with serial numbers, and employees can relate their 
lower level activities to the top management policies by comparing serial numbers. At 
company F, company policy is announced at the President's meeting, and a video on 
the President's announcement is made available to all employees. To monitor progress 
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on quality activities, each manager is required to report progress by the end of the 
fiscal year. 
Various forms of quality meetings are held on a regular basis at different 
levels. For instance, company E has a quality management committee and a quality 
control committee which are organized so that employees from each plant can meet 
and exchange quality problems. Company F holds several meetings such as those for 
discussing company policy, manager meetings, and design reviews. Company G holds 
monthly meetings among sectional managers in order to discuss quality problems. 
6.4.3 Quality System in Manufacturing 
For each company, the ratio of quality personnel to total technical staff is quite 
low (between 3-4 percent), indicating that quality responsibilities are given to the 
process operators. For example, in-process inspection is practiced throughout 
manufacturing, where each operator has a check sheet to check measurements. 
Employees are organized into small groups who conduct improvement activities on a 
regular basis. 
6.4.4 Design and manufacturing capabilities 
All of the Japanese manufacturers place emphasis on design, engineering and 
manufacturing. For a large organization, there are R&D departments central to the 
organization as well as within each of the business divisions. The central R&D 
function usually cooperates with each business division to provide information on the 
rapidly changing social environment and assists in the process of creating 
technological innovation. 
Within each business division, vertical linkage and cross-functional 
communication is emphasized. In the design function, there is strong user-
manufacturer cooperation during the development phase. Customer feedback is 
systematically processed and fed to design, manufacturing, and marketing functions so 
that customer requirements can be translated into design specifications by quality 
function deployment. 
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Manufacturing competence is reflected in the performance of continuous 
improvement activities. Continuous process improvement is prevalent on the shop 
floor, and the application of automatic-checking devices is extensive throughout the 
production process. Most of the mechanical equipment is equipped \/ith self-stopped 
devices, fixed-position stop system, and a large variety of safety devices. 
6.4.5 Service and distribution 
All the companies place great emphasis on providing reliable customer service. 
Regular visits are made to customers to provide periodic inspections and maintenance. 
The companies also provide repairs and consultations on how to use the products more 
efficiently and effectively. Field service data is continually fed to the design and 
manufacturing functions in order to find the root causes and to help design new 
models. 
As for distribution, the three companies have set up several local and overseas 
sales and service network. In order to establish close operational linkage with overseas 
regions, company E has configured a global network directly linked with regional 
markets to cover all phases of business operation from development and production to 
marketing. Company F operates its part supply management with an on-line 
processing system that handles all phases from order receipt to product shipment. 
Company G also. utilizes information technology to improve communication within 
and outside the company. 
6.4.6 Supplier relationship 
In the case studies, the manufacturers rely on external subcontractors for an 
average of 65-70 % of its parts, whIch are supplied on a just-in-time basis. This heavy 
reliance on suppliers is typical of most major manufacturers, making suppliers critical 
to their production. For example, one of the plants under study had to halt its operation 
for one day due to a snow storm that obstructed suppliers' delivery. 
In general, the Japanese system of subcontracting is in the form of a pyramidal 
structl!re called the keiretsu system. A keiretsu is a group of individual business units 
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viewed together as a hierarchical organization. In the case of the manufacturing 
industry, a keiretsu usually consists of tiers of subcontractors producing parts for the 
companies in the level above it. The number of levels depend on the complexities of 
products and processes. Within a keiretsu, there is a strong t.aditional bond which 
prevents a subcontractor working for more than one organization. Although some 
marginal subcontractors are treated as if they were shock absorbers of recession, parent 
companies generally take good care of their suppliers because the quality of the 
finished product depends on the parts supplied by them (Miyashita and Russell, 1996). 
Another interesting feature of keiretsu is that suppliers are normally expected to 
provide parts with improvement beyond the parent's expectation and without requests 
irom the parent. This is made possible only through the long-term relationship which 
ensures that suppliers can expect promising returns on their investments. 
For the case studies, the companies maintain steady communications with their 
suppliers on product development, product quality, and delivery schedules. They also 
assist their suppliers in initiating quality improvement programs while presenting 
annual awards to those who have satisfied their quality or delivery requirements. In 
addition, each company organizes subcontractor association for its suppliers so that 
they can meet and solve problems jointly. 
In recent years, the prolonged economic slump has induced some changes, and 
parent companies are beginning to select independent suppliers as well as members of 
its keiretsu. In fact, one of the companies under study started to select independent 
suppliers based on cost in addition to sourcing parts from their keiretsu. Fortunately, 
the emphasis on cost reduction does not sacrifice quality because Japanese companies 
have always been involved with quality development and continuous improvement. 
6.4.7 Human resource management 
(a) Employment system 
Like most organizations 10 Japan, the three compames normally recruit 
employees only once a year at the time they complete their educational courses. In 
general. workers are hired immediately after graduation and work for the same 
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company until retirement. Thus, recruitment is regarded as an irreversible decision 
where the applicants are asked to entirely commit themselves to the company, and 
where the company assumes responsibility for the workers' livelihood (Sato and 
Hoshino, 1984). 
In Japan, life time employment is implicitly guaranteed in most large 
organizations because employees are protected by the union while the companies try to 
avoid layoffs. As loyalty is highly valued, employees rarely change jobs and those 
who seek new jobs in the middle oftheir careers tend to get lower startup salaries than 
those at the same positions. The minimal turnover rate has led to the advantage of very 
little transfer of knowledge and expertise to other companies. In this way, design and 
manufacturing competence can be accumulated within the workforce. 
Recently, the situation is beginning to change as the Japanese economy goes 
through a sluggish period. In response to this, several companies adopted such 
measures as business structure reorganization and rigorous cost-reduction efforts. The 
attempt toward business structure reorganization is reflected in the heightened interests 
in information technology which usually results in flattened organizational structures. 
Another factor leading to reorganization is the growth in factory automation leading to 
the need to slim down the workforce. 
In response to the need for workforce reduction, several large companies in 
Japan transferred their employees to subsidiaries while others introduced early 
retirement plan. In the effort to keep employees on the job, some large corporations set 
up subsidiary companies which provided auxiliary services to the mother company. 
The employees were sent to the subsidiaries and assigned new jobs that were usually 
unrelated to their previous assignments. For example, it has been recalled by an 
executive of a large firm that he once saw a former maintenance worker who was 
transferred to a houseplant keeper position. 
Although most Japanese companies strive to avoid discharging employees, 
some young employees see the uncertainties and seek to improve their qualification 
with self-directed, off-the-job training. Some look for new jobs to strengthen their 
specialization, thus making them more experienced and valuable to the job market. 
The trend for job hopping is increasing among younger generation. and it may be 
useful for the industry as a whole due to the exchange of expertise. 
134 
Analyses of the Japanese Case Studies Chapter Six 
(b) Employee training 
In the three companies, entry-level training is provided for an average of one 
year, and ongoing training is carried out in a longer duration. 
Since Japanese companies have very low employee turnover, most 
organizations can invest in long-term human resource development. The most 
common form of training is in-house and executed on the job through rotation. 
Employees are usually rotated from one section to another every three to five years so 
that they become a generalist by the time they reach management level. The multiple 
skills acquired through job rotation are desirable in that they facilitate cross-functional 
communications and enable workers to effectively function in increasingly complex 
technological systems. Job rotation is also suitable for mass production as it reduces 
the monotony of the workers' job. Finally, it provides companies with the ability to 
adapt to environmental changes, e.g. companies can transfer employees to other 
sectors of the same corporate groups during recession. 
Besides informal training through job rotation, formal training programs may 
also be designed as part of career development plan particularly in large organizations. 
In the three companies, employees who have been working after a certain period need 
to complete a number of courses as specified by the persOimel department prior to 
being promoted. The content and duration of the formal training programs depend on 
the nature of job, and are usually short-term due to the emphasis on informal and on-
the-job training. 
In general, the system of job rotation implies that workers must acquire 
multiple skills in order to be promoted to higher positions. In practice, this becomes 
seniority-based promotion since it is closely related to years of experience. 
(C) Employee participative climate 
In the three companies under investigation, techniques such as 5s, suggestion 
system, and small group activities were used throughout the organization. Employees 
tend to view improvement activities as part of their jobs and usually participate 
without management coercion. 
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It should be noted that, in Japan, there is minimal distinction between blue-
collar and white-collar workers for a number of reasons. First, both university and non-
university graduates can climb up the corporate ladder through on-the-job training and 
rotation system. Next, university graduates are normally placed and trained in the 
plants as ordinary workers before they are transferred to other positions (Sasaki et ai, 
1981). In terms of salary scales, those of blue- and white-collar workers are not much 
different, and mostly depends on the length of service in a company. Finally, regular 
blue-collar and white-collar workers join the same company union which includes 
most managers below section chief. 
(d) Functional Integration 
The mechanism of functional integration generally starts from the formulation 
of cross-functional goals in terms of cost, quality, and delivery. These goals are 
established by a cross-functional committee organized at the top management level. At 
the same time, the measures needed to achieve the cross-functional goals are defined 
in order that each department can assume appropriate roles and responsibilities. 
Functional integration is also carried out in other forms, for example, at 
company E representatives from each department meet at the corporate budget meeting 
in order to discuss policy planning and yearly budget preparation. Cross-functional 
communication is also facilitated through a large number of projects such as product 
development meetings, voluntary group activities, and ad-hoc committees. It should be 
noted that ad-hoc committee is a very common form of interdepartmental coordination 
in Japan because managers are well familiar with each other while they were rotated 
among functions. 
(e) Decision-making mechanism 
The mechanism of decision-making used in most Japanese companies is called 
the Ringi system. The word ringi refers to the process of obtaining approval from 
other members of the organization prior to making decision. This is done by 
circulating document to the relevant members in the vertical, or sometimes horizontal 
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direction. In most cases, it is the middle managers who take the initiatives in making 
proposals and making the relevant decisions (Hattori, 1978; Sour, 1982). As the 
initiators belong to the middle management, it is very important that they have 
established networks of contacts and are knowledgeable about the whole organiz..tion. 
'ihis is made possible by on-the-job training and job rotation within the company. 
The advantages of the consensus decision making system have been widely 
cited as allowing for a greater number of reasonable alternatives to be considered, and 
taking less time to implement despite the relatively slow decision-making process (e.g. 
Drucker, 1971; Hattori, 1978; Hatvany et aI., 1981). 
(f) Performance Evaluation 
The three companies under study use the following criteria for technical staff 
promotion: ability appropriate to the job being promoted, achievement in the current 
job, and business-generated contributions. While the order of importance varied 
among companies, length of service was claimed to be the lowest priority in spite of 
the fact that seniority-based promotion was generally recognized as a traditional 
practice in most Japanese companies. 
In general, performance measurement incorporates both the short-term results 
and subjective assessment of elements of teamwork and efforts (Nishikawa, 1997). For 
management promotion, most companies place high value on a managers' capability 
as a generalist, their interpersonal skills, and credibility and popularity within the 
company (Baillie, 1982; Kagono et.al, 1984; Yang, 1977). 
6.4.8 Existing Cultural Pattern 
As stated earlier, the traditional characteristics of Japanese-style management 
IS cooperate paternalism featuring lifetime employment, seniority wages, and 
cooperative management-labor relations as accommodated in the in-house union. The 
system is practiced in most large manufacturing companies, and has a number of 
advantages. For example, life-time employment facilitates long-term employee 
development and provides nearly absolute organizational control due to the lack of 
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labor mobility. It compliments the system of job rotation which develops employees' 
general skills while guaranteeing job security throughout workers' careers. 
This management style was considered appropriate for reconstructing Japan's 
economy during the postwar period wpen skilled labor and good managers were 
scarce. However, it is now seen by a number of authors as a burden now that this goal 
has been accomplished and Japan has entered a period of low growth. 
From the viewpoint of the employee, lifetime employment tends to make a 
person lose their availability to other companies since they are trained to suit only one 
company climate. It also makes a person become an anonymous element of the 
organization as everyone must try to fit in with the company culture. Further, the 
system of seniority-based salaries does not generate an individual's incentive for 
training because a person does not get a higher wage even if he develops his own 
capacity. It is said that Japanese companies generally try not to differentiate between 
capable and less-capable workers (Sasaki, 1981; Flynn, 1982). 
Hitoshi et aI. (1997) suggests that Japanese-style management is going through 
some changes as the period of unrelenting economic growth has cOl1].e to an end. For 
example, the employment systems in some companies like Toyota and Fujitsu have 
changed from once-a-year recruitment to a year-round hiring. These companies are 
beginning to look for specialists able to function in any company rather than 
generalists able to function in any internal division. These companies have created a 
smaller number of core positions in order to avoid fixed payrolls. As companies are no 
longer able to sustain lifetime employment, they are beginning to restructure the 
performance evaluation by placing more emphasis on merit-based pay systems as well 
as the seniority-based wages. 
6.5 Comparison among the Three Japanese companies 
The performance of the three Japanese compames can be assessed by 
employing the performance measures developed in Section 3.3.5. The eight criteria 
consist of: management commitment, organizational integration, quality policy, human 
resource management. management of process, quality system in manufacturing, 
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supplier management, and customer focus. Table 5.2 contains the comparisons of the 
three companies using the eight criteria. 
Tablp- 6.1 Performance characteristics of the three companies 
E F G 
1. Management Commitment 
Market share N/A N/A N/A 
Sales growth rate 12-13 % 10-12 % 10-15% 
Commitment to quality Policy audits, Policy audits, Policy audits, 
TQM audits, TQM audits, TQM audits, 
quality steering quality steering quality steering 
committee committee committee 
2. Organizational integration 
Top-down Policy management Policy management 
Policy management 
and deployment. and deployment, and deployment, 
daily management, daily management, daily management, 
shopfloor shopfloor shopfloor 
morning morning morning 
briefings, video, briefings, video, briefings, video, 
brochures, brochures, brochures, 
noticeboards noticeboards noticeboards 
Bottom-up Suggestion, QCC, suggestion, QCC, Suggestion, QCC, 
team B;ctivities team activities team activities 
Cross-functional Functional mgmt.. Functional mgmt.. 
Functional mgmt.. 
internal customer, internal customer. internal customer. 
ad-hoc meetings. ad-hoc meetings. ad-hoc meetings. 
interdepartmental interdepartmental interdepartmental 
meetings meetings meetings 
3. Quality policy 
Existence of quality policy Yes Yes 
Yes 
Qual ity practices TQM,TPM, TQM, TPM, TQM, TPM, 
kaizen, QCC, kaizen, QCC, kaizen, QCC, 
suggestion, 5s suggestion, 5s suggestion, 5s 
Quality certificates Deming Prize. lIS Deming Prize, 1IS 
1IS, ISO 9002 
ISO 9002 ISO 9001 
4. Human Resource Management 
Approx. no. of employees 2.500 1.000 
2.700 
Educational level grade 12 grade 12 
grade 12 
Suggestions! employee/ yr 18 20 
21 
Suggestions approved by >70% >70% 
>70% 
mgmt. 
Training Frequency ~ 4 4 ~ 4 4
~ 4 4
(times/mo) 
5. Management of I2rocess 
Production capacity (units!yr) N/A N/A N/A 
Total imentory ()r end) < 15 < 15 < 15 
(% of total assets) 
Part/component inventory lIT 1IT 
JIT 
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(0 0 of total assets) 
WIP in\ entory lIT JlT JIT 
(% of total assets) 
Attempt to reduce inventof}' high high high 
Work 513ndardization high. by teams high. by tcams high. by teams 
6. Quality s ~ s t e m m in manufacturing 
Incoming inspection Supplier certifica- Supplier certifica- Supplier certifica-
tion tion tion 
In-process inspection Operation standard Operation standard Operation standard 
manuals, neighbor manuals, neighbor manuals, neighbor 
inspection, inspection, inspection, 
poka-yoke, poka,yoke, poka-yoke, 
SPCIDOE, SPCIDOE, SPCIDOE 
improvement improvement improvement 
teams. QCC teams, QCC teams, QCC 
Final inspection FMEA FMEA FMEA 
7. SUl2l2lier Management 
Supplier relationship Mutual trust Mutual trust 
Mutual trust 
% oflong-term suppliers >80 >80 > 80 
Suppliers into JITffQM All All All 
program 
Technical cooperation with Yes Yes 
Yes 
suppliers 
8. Customer Focus 
Design technology expertise 
- R&D expenses (% of sales) Less than 5 Less than 5 Less than 5 
- R&D activities Model changes. Model changes, 
Model changes. 
product design. prodl!ct design, product design. 
QFD QFD QFD 
Customer service Global network, On-line 
On-line 
parts and services processing processing 
centers, system, system, 
mobile services parts and services parts and services 
centers, centers, 
mobile services mobile services 
Field quality feedback system Service/marketing Service/marketing 
Service/marketing 
Imfgldesign Imfgldesign Imfgldesign 
Existence of market research Yes Yes 
Yes 
6.5.1 Management commitment 
Top management plays a crucial role in building a quality culture within an 
organization. In the three world-class companies, management makes sure that their 
policies are followed throughout the organization by carrying out TQM audits or 
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policy audits at all levels. They are also present in the quality steering committees that 
plan and oversee the implementation ofTQM. 
6.5. "Z Organizational integration 
Organizational integration is facilitated in all three directions by using a 
number of TQM vehicles. As shown in Table 5.2, top-down communication is done 
through policy management and daily management, shopfloor morning briefings at the 
start of each shift, noticeboards for communication, and company videos and 
brochures. Bottom-up communication is facilitated by suggestion systems, QCC, and 
small-group activities. Cross-functional communication is promoted by functional 
management, the internal customer concept, ad-hoc meetings, and interdepartmental 
meetings. 
It should be noted that organizational integration in Japanese companies is 
made easier by the cultural factor of group loyalty. Collectivism has been attributed as 
one of the success factors for q10st Japanese organizations (Chang, 1982; Hatvany et 
aI., 1981; Marengo, 1979; Murayama, 1982). It facilitates teamwork, communication 
processes, and company-wide improvement efforts. Strong group consciousness is 
instilled in a Japanese person from a very young age. For example, there is a national 
running race for groups of young students to run with each leg tied to another person. 
As all members of the group must move together as a single entity in order to win the 
race, team spirit is encouraged and the virtue of group loyalty is realized. 
6.5.3 Quality policy 
Quality is an important policy in strategic planning. As it is the only item of 
common concern to both manufacturer and customer, appeals to improve quality are 
more easily accepted than cost or productivity initiatives (Kondo, 1997). In the case 
studies of the three Japanese companies, total quality seems to be a way of life as 
reflected in the very long-tenn adoption of TQM and kaizen. Other initiatives such as 
total productive maintenance and ISO 9000 are also adopted. As stated earlier in 
Section 5.6.4.2, total productive maintenance is complementary to TQM as it 
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maximizes the effectiveness of plant and equipment, and it yields faster benefits than 
TQM. Although ISO 9000 is not seen as an essential element to quality improvement, 
it represents an attempt by Japanese companies to stay competitive in international 
markets. 
6.5.4 Human resource management 
Human resource management system is discussed m terms of training, 
performance evaluation, and labor management relationships. 
For each employee, the company will plan for training and skill development 
depending on the nature of the job. In general, the personnel department will keep 
track of the employees' record, and make sure that he has fulfilled the requirement for 
on-the-job and off-the-job training. Because of the lifetime employment system, 
employee training and development can be planned in a long-term, continuous, and 
systematic manner. The informal training system of job rotation has been viewed as a 
motivational factor especially for workers in mass production systems. It also provides 
workers with multiple skills which become a source of organizational adaptability. It 
reduces compartmentalization and promotes an awareness of the operations of the 
company as a whole (Drucker, 1971; Hatvany et ai, 1981). 
Performance evaluation is geared toward both individual and group 
performance. Although seniority is not openly admitted to be practiced in most of the 
cases, it is still a major factor in promotion decision as the length of service is directly 
related to the skills that an employee has accumulated throughout his career. 
As for labor-management relationship, each company generally has only one 
labor union consisting of employees at the level below section managers. The primary 
role of Japanese unions is concerned with lifetime employment security rather than 
wage negotiation which is more of a function of company productivity and national 
wage nonns. As most unions are company unions rather than trade or craft unions, the 
communication between labor and management is effective and cooperative (Cole, 
1980; Leonard et al. 1982). 
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6.5.5 Management of process 
An important vehicle that facilitates the management of quality in the business 
process is the internal customer concept. Quality activities are viewed as continuous 
work processes ranging from customer requirements to customer satisfaction. Each 
department establishes an internal customer agreement that helps clarify each other's 
responsibilities on quality and identify the duty to satisfy internal customers. The 
concept not only helps strengthen the quality culture, it helps trace quality problems to 
the source while avoiding interdepartmental conflicts. Another characteristic of 
process management is that incremental improvement is believed to be the source of 
competitiveness. Inventory is nonnally kept at minimum as a result of the use of just-
in-time in manufacturing. 
6.5.6 Quality system in manufacturing 
Quality responsibilities are generally given to the process operators, and 
operation standard manuals are made up which also include the inspection of the work 
completed upstream in the process flow. A fool-proof system or automatic checking 
system is installed throughout the production process in order to make manufacturing 
process steps simple and error free. Employees are organized into small groups that 
perform improvement activities using such tools as the seven quality tools, and the 
seven new tools. 
6.5.7 Supplier management 
As already discussed in Section 5.6.4.6, supplier management in the Japanese 
system takes the form of a keiretsu, or pyramidal structure consisting of tiers of 
suppliers working for the ones above. Suppliers are organized into a supplier 
association that is the place for them to meet and discuss problems. The relationships 
between manufacturers and suppliers are generally cooperative and long-term, and the 
suppliers in the top tier are closest to the manufacturer thus enabling them to gain the 
most benefits in tenns of assistance. The long-tenn relationship makes it possible for 
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both parties to work together toward quality improvement of products and processes. 
Suppliers are generally involved in the early stage of product development in order to 
find the best and cheapest way to make a product. 
6.5.8 Customer focus 
In the three Japanese companies, customer focus is reflected from product 
inception to product delivery and after-sales services. In new product development, the 
three companies applied quality function deployment (QFD) to translate customer 
requirements to engineering and product characteristics. Within the company, the 
concept of internal customer is used throughout the business process. The companies 
also emphasize after-sales services by offering training and demonstration, extension 
services, and on-line processing system. The data from field service is fed back to 
manufacturing, engineering, and marketing, in order to identifY the quality problems 
and customer responses. 
6.6 Reasons for success 
Now that the performance of all the Thai and Japanese companies have been 
evaluated, the reasons for success can be discussed in terms of technology, 
organization, and management. 
6.6.1 Organization 
It was found that human resource management practice is similar between the 
best Thai companies and the three Japanese companies. They both emphasize 
employee development, effective communication within the organization, continuous 
improvement, and organizational loyalty. Although the best Thai companies do not 
guarantee lifetime employment, they have never resorted to discharging employees 
during turbulent economic times. Another similar feature is the cooperative relation 
between management and workforce. Although labor unions do not have much role in 
most Thai organizations due to their relatively short histories and less bargaining 
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power, the best Thai companies seem to have cooperative relationship with their labor 
unions. 
Another issue relating to organization is supplier relationship. It should be 
noted that most Thai companies have long-term relationship with their suppliers based 
on trust. Although this is similar to most Japanese organizations, the Thai companies 
do not generally engage in technical cooperation with their suppliers due to limited 
resources or lack of vision. However, the best company in the Thai cases has 
illustrated that effective supplier cooperation is beneficial to the manufacturers. 
The studies reveal an essential difference in organizational aspects involving 
the relationship between blue- and white-collar workers. Unlike the Japanese cases, the 
Thai organizations usually embody large status gaps between these two types of 
employees, resulting in communication barriers. 
6.6.2 Technology 
In general, the Japanese companies under study have higher technological 
capabilities than the Thai counterparts in terms of manufacturing and research & 
development. For manufacturing, the best Thai company is following the same pattern 
as the Japanese in terms of process innovations on the shop floor. Due to the shortage 
of technical employees and job hopping problems, it is difficult for any Thai 
organization to develop intrinsic technologies. Thus, most of them are searching to 
purchase technology rather than developing it. In such cases, the most important issue 
is to develop organizational skills which can best absorb technology. 
6.6.3 Management 
The best Thai companies tend to adopt similar management approaches to the 
Japanese cases. Company A was able to successfully implement total quality 
management and has been reaping its benefits for nearly seven years. The company is 
also extending its continuous improvement activities to suppliers by sending its kaizen 
teams to work with them. Company B has adopted many of the Japanese management 
practices such as policy deployment, and it is beginning improvement activities, 
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starting with suggestion systems and quality control circles in manufacturing. Despite 
the different cultures and backgrounds, these management practices have been found 
to be applicable to a Thai organization as they integrate the organizational and 
technological elements in c: coherent framework. 
6.7 Conclusion 
Chapter 5 and 6 present the results of qualitative analyses as obtained from the 
case studies of four Thai companies and three Japanese joint venture partners. It can be 
seen that the best companies have similar characteristics. First, these companies place 
high emphasis on human resource and organizational adaptation. They also increase 
their technological capabilities in product and process innovation through continuous 
improvement efforts. Finally, they adopt integrated management practices which 
utilize technological knowledge and human resource in order to achieve the corporate 
goals. 
These findings are related to the results obtained from the quantitative analyses 
m Chapter 4 as it helps compare the impacts of various quality practices on 
performance. Company A represents an organization implementing TQM and finding 
it to be a source of sustainable competitiveness. It later obtained an ISO 9002 
certificate and thus became one of those adopting both systems. Company B is in the 
group of those with ISO 9000, and it is attempting to introduce TQM. As the 
performance of the company is found to be improving, this indicates that the 
achievement of ISO certification does not necessarily lead to competitive edge unless 
it is put into the framework of TQM. Companies C and D are in the group which do 
not adopt any quality systems, and their performances were found to be least 
successful. Besides comparisons among the Thai companies, the case studies also 
extend to the Japanese participants. It was found that all of them employed total 
quality management and just-in-time approaches as competitive weapons. 
The findings from Chapters 4, 5, and 6 present the information that leads to the 
conclusions in the next chapter, regarding the framework for the transfer of quality 
management to the Thai manufacturing industry. 
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The growth of Thai industries in recent years has been due to the 
industrializing policy and the influx of foreign direct investment. This together with 
the effects of globalization has led to the increasing awareness of technology transfer 
as one of the key factors in accelerating economic development. 
One of the issues which emerge from technology transfer is the transfer of 
competitive practices. There are numerous practices which are claimed to be the 
source of competitive advantage. Among those which have attracted particular interest 
among the Thai practitioners are total quality management (TQM), business process 
reengineering (BPR), and kaizen. 
As for TQM, there have been ongoing efforts to create a national quality award 
in order to increase quality awareness and TQM practices in the country. Business 
process reengineering was made popular a few years ago by the influence of a major 
banker who was an advocate of the preaching of Michael Hammer. Kaizen was 
introduced after TQM, and mostly found its place in Japanese joint ventures. Other 
management tools which have been utilized for nearly two decades are quality control 
circles, 5s, and suggestion systems. In short, it can be asserted that the Thai 
manufacturers have been able to moderately keep up with management trends and 
practices. 
This study investigates the transfer and application of management practices 
that are believed to be the source of competitive edge. The important issues involve 
how the companies adapt and assimilate management innovation, and the impacts of 
management practices on upgrading company performance. By making use of a survey 
and multiple case studies, the following conclusions have been reached. 
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7.2 Conclusions: Quantitative Analyses 
The quantitative analyses began with establishing a set of hypotheses regarding 
quality management. The data were obtained from a survey of 53 Thai companies 
using a set of questionnaires that assess the organizational, technological, and 
performance dimensions. In order to find the relationship between organization, 
technology, and management practices, an organizational-technological diagram was 
used to reveal existing patterns, with the aid of regression analysis. Further, analysis of 
variance (ANOV A) was used to analyze the effects on performance. The entire set of 
results are summarized below. 
7.2.1 The pattern of organizational and technological development 
The general pattern of organizational and technological development of the 53 
Thai manufacturing companies were found to be linear, which could be divided into 
three stages: low 0-T positioned, medium 0-T positioned, and high 0-T positioned 
companies. The performance of companies at stage 3 was highest, followed by those at 
stages 2 and I, respectively. It was found that the companies in the first two stages 
exhibited no organizational-technological relationship, and the companies in stage 3 
demonstrated a linear relationship. The linear model indicates that these companies 
exhibit a clear pattern of organizational-technological development. As far as quality 
systems are concerned, TQM and ISO 9000 quality systems were mostly adopted by 
the companies at stages 2 and 3. 
7.2.2 The relationship between o r g a n i z ~ t i o n , , technology, and management 
Based on the types of management practices, the companies can be classified 
into four groups: TQM, ISO 9000, BOTH, and none. When regression analysis was 
conducted to reveal the 0-T pattern for each type of quality system, it was found that 
the TQM group exhibited a clear linear relationship that indicates simultaneous growth 
of organization and technology (Section 4.4), showing that TQM can effectively 
bridge the two dimensions. 
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7.2.3 Impact of the types of quality systems on company performance 
The impacts of quality system on performance were revealed by testing the 
hypotheses formed earlier. The results strengthen the proposition that total quality 
management is one of the suitable approaches which bridge technology and 
organization and lead to improved performance and sustainable development. The 
second proposition was also verified that ISO 9000 is of limited value on its own and 
does not necessarily lead to continuous improvement. Finally, the third proposition 
was supported that the limitation of ISO 9000 can be overcome by putting it in the 
context ofTQM. 
7.2.4 Suitable approaches for companies at each stage 
For companies in the low 0-T position, the best approaches could not be 
statistically identified. However, it was suggested that the companies in this group 
should aim to enhance their organizational-technological positions in order to realize 
substantial benefits from any management approaches. As for the companies in the 
medium and high 0-T positions,. the best approaches appear to be TQM, or a 
combination of TQM and ISO 9000. These two groups of companies possess sufficient 
infrastructure which enabled them to gain meaningful advantages from quality 
management systems. Although the companies at stage 2 presented no distinct 
organizational-technological pattern, they should be able to move to higher 0-T 
positions under the direction of such integrated management practices. 
On the choice between adopting TQM or BOTH (TQM and ISO 9000), it was 
suggested that both TQM and ISO 9000 would be necessary for a company to survive 
in the global marketplace. Despite the potential of ISO 9000 for disrupting the path of 
organizational and technological development, it is needed for gaining acceptance in 
international trade. Therefore, companies should search for the best way to unite the 
two systems in order to achieve sustainable competitive advantages. 
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7.3 Conclusions: Qualitative Multiple Case Analyses 
The qualitative multiple case analyses consist of investigation of four 
manufacturing companies in Thailand and three in Japan. To provide a link with the 
quantitative analyses, the companies could be classified into different stages as 
follows. 
For the Thai cases, company A is in the high organizational-technological 
position according to its scores in the survey. The findings from the case study also 
revealed that it placed great significance on both hardware and people. Its adoption of 
TQM results in a well-balanced socio-technical status and leading performance. The 
company later pursued ISO 9000 registration as it was aiming to expand to export 
markets. Its motivation for pursuing registration was to enhance the competitive edge, 
and ISO 9000 registration was seen as reasonably important to its survival. The 
registration efforts were mostly in-house with little external help. The company could 
pursue ISO 9000 on its own through its continuous accumulation of knowledge. 
Company B is in the medium organizational-technological position (stage 2). 
When it was first established, the company sought ISO 9000 certification to gain 
marketing advantage for its export strategy. It is now aiming to introduce total quality 
management in order to sustain competitiveness. With the adoption of such integrated 
management practices, the company has a tendency to move to a higher status. 
Companies C and D are in the low organizational-technological position. They 
do not place emphasis on either dimension as reflected in their lack of strategy. One of 
them has attempted to introduce bottom-up activities, but finally gave up as it failed to 
achieve substantial benefits. This agrees with the findings obtained from the 
quantitative analyses that the low 0-T companies lack sufficient infrastructure or 
supporting organization which enables them to attain benefits from quality practices. 
As for the Japanese companies E, F, and G, they are in the high organizational-
technological positions. These companies can be regarded as world-class as evidenced 
by their achievements in winning the Deming Prize and other performance measures. 
In terms of organizational learning, it was found that Japanese organizations were not 
only capable of continuous process learning, but they were also effectively learning 
about product innovation through their R&D commitment. These companies also 
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extend their learning culture to external organizations including customers, suppliers, 
and other significant affiliations. 
7.4 Critical Success Factors for the Adoption of Quality Management 
An important objective of this study is to suggest a framework for the transfer 
of quality practices which can be used by Thai industries to gain sustainable 
competitive advantage. As numerous practices have already been proposed in the 
literature, this research will not add another tenninology just to confuse the 
practitioners. Rather, it is preferable to fmd the common theme behind those world-
class practices, suggest the critical issues in their adoption, and test them against the 
findings from the research. 
The underlying philosophy behind most world-class practices is that 
competitiveness can be achieved through hannonization between organizational and 
technological developments. As a comprehensive management innovation, TQM has 
been confinned in this study to be one of the approaches which balance the dimensions 
of organization and technology. According to the study, TQM elements have been 
adopted by many companies, but the ones that are most successful seem to be those 
which can create the organizational culture conducive to learning and change. This 
'right' culture is commonly cited in the literature, and is also suitable for Thai 
companies. It consists of the following factors. 
7.4.1 Top management commitment 
The importance of top management commitment has been widely cited by 
academicians and practitioners. Top management must be motivated and understand 
the need for change in order to create an appropriate strategy. Depending on the 
competitive setting, each industry has different critical success factors, and a company 
must choose a strategy suitable for its competitive environment and its own strengths. 
In all the successful companies under study, leadership quality has been one of the 
differentiating factors. Through its vision and power, top management can provide 
resources, recognition, and other organizational means to achieve the company 
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strategy. In the Thai situation, top management commitment is very important because 
the large communication gap between management and lower-level employees tends 
to limit improvement initiatives. As communication tends to be top-down only, top 
management must show their strong commitment so that employees feel confident to 
try the new initiatives. 
7.4.2 Effective communication 
Perhaps second in importance to Thai companies is effective communication 
which must be facilitated in all three directions (top-down, bottom-up, and cross-
functional). Top down communication is important in carrying management strategy 
to lower levels. Bottom-up communication is necessary to overcome the effects of 
large hierarchical gaps in the Thai culture. In particular, it is needed to secure worker 
participation and to foster a participative climate for employees. 
Cross-functional integration is also necessary to reduce the effects of strong 
collectivism which lead to interdepartmental conflict. All departments need some kind 
of formal communication channels so that they can work toward common goals. 
Communication must also extend to external organizations such as suppliers and 
customers. Supplier coordination was found to be a differentiating factor in the best 
companies in the Thai case studies. 
7.4.3 Human resource capabilities 
Another important factor to the success of the best companies under study is 
human resource capabilities. It is important that companies should institute a climate 
which encourages their members to learn and develop their full potential. "Jop-
hopping" is very common in Thai business. It has been found that the best Thai 
companies actively invest in human resource development even if the risk of losing 
employees through job turnover is high. The training efforts are repaid through the 
relatively lower turnover rate, and by the competent employees who can perform 
continuous improvement activities. 
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7.4.4 Employee involvement 
C o m p a n y - ~ d e e employee involvement is crucial to the success of any 
organizational efforts. Although its importance seems to be a matter of common sense, 
total employee involvement is not easily achieved. As reflected in the case studies as 
well as in the literature, an organization needs a set of common goals which must be 
effectively communicated in order to win everyone's participation. Such common 
goals are needed to sustain the momentum for improvement. For example, the goal 
could be to acquire an ISO 9000 certificate, or to win a national quality recognition. 
7.4.5 Continuous improvement of product and process 
In the Thai situation, continuous improvement can only be effectively realized 
after the other factors in Section 6.4.1-6.4.4 have been achieved. This is because 
continuous improvement activities need to be performed at the operating level which 
tends to be affected by cultural characteristics as stated earlier. Thus there is a need to 
prepare the groundwork. 
As incremental improvements require considerable expertise at the lower 
levels, education and training must be provided to employees. During the 
improvement process, employees keep on learning and accumulating expertise. 
Therefore, continuous improvements can eventually result in a major innovation. In 
fact, it has been suggested by researchers and practitioners that the best approach to 
competitive progress is to adopt an incremental approach until a breakthrough occurs 
(Hayes and Wheelwright, 1984; Allender, 1994). 
In summary, these factors are necessary for successful implementation of 
quality management practices. They agree with earlier research on organizational 
learning and core competencies as the sources of competitiveness. In the particular 
case of TQM, empirical research has been conducted as discussed in Section 2.6.5, 
which reveals that there are certain tacit features that are the foundation for TQM 
success, the most notable being executive commitment, open culture, and employee 
empowerment. The findings of these studies agree with the results obtained from this 
research. 
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7.5 Roles of ISO 9000 as a framework for quality model 
The role of ISO 9000 in Thai industry should be discussed as it was included in 
the study due to its increasing popularity as a quality system. In general, ISO 9000 has 
been useful in establishing documentation and record-keeping practice. In many Thai 
cases, better documentation would be particularly helpful in dealing with the problems 
of job hopping. ISO 9000 can be an effective means to mitigate the effects of job 
turnover as it provides a documentation system which helps retain the knowledge in 
the organizational structure. 
In general, ISO 9000 has brought quality awareness to the Thai companies, but 
whether it also brings a cultural change in attitudes toward quality is a key question. 
Under international pressure, ISO 9000 may be transferred to a majority of Thai firms 
with a low level of understanding and through a simple motivation to satisfy customer 
requirements. Besides increasing quality awareness, it has not contributed much to 
initiatives toward quality improvement. From the study, ISO 9000 does not necessarily 
improve performance, and it h&S a tendency to disturb the path of organizational-
technological development. As it may not bring about cultural change toward quality 
improvement, the potential of ISO 9000 as a foundation for continuous improvement 
is greatly reduced. 
As reflected in the study, ISO 9000 may be used as a framework for quality 
improvement if it is incorporated with TQM. Under the context of TQM, ISO 9000 
can serve as a powerful tool for the documentation system. However, there is very 
little empirical work being published on transitions between ISO 9000 and TQM 
implementation, and further research in this area would be useful. 
7.6 Evolution of Thai companies toward quality management 
As suggested from the study, the companies could be classified into three 
levels of organizational-technological (0-T) position which are characterized by the 
organizational-technological developments and the adoption of quality practices. 
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7.6.1 Low 0-T positioned companies 
The companies in the low 0-T position generally lack business experience and 
knowledge. Some of them are also faced with financial and human resource 
limitations. Their management has no awareness of quality as a management tool. 
They may adopt certain tools which are in vogue, but without genuine understanding 
of the purposes. 
Due to the inadequate emphasis on organization and technology, the companies 
at this stage are not likely to reap full benefits from quality practices. However, certain 
practices may be useful in situations where companies are influenced by undesirable 
cultural values. 
In particular, due to the lack of an established set of practices, the 
organizational culture may be highly influenced by certain national traits. For 
example, although Thai workers are found to be hard working, easily trained, energetic 
and have an entrepreneurial spirit [Wong, 1995], they are also seen as lacking in 
discipline, "They create fun by horse-playing with their fellow workers, they seek 
convenience by short-cutting work procedures; and they enjoy comfort by working as 
necessary and no more" [Tansuwan, 1993]. This lack of discipline may be overcome 
by establishing working practices as adopted from the Japanese bottom-up activities: 
5s, suggestion systems, and small group activities. These tools help eliminate 
undesirable behaviors, improve the working environment, increase worker morale, and 
encourage a teamwork spirit. 
The tools for bottom-up activities may be useful as a starting point for 
improvement, and their effects may accumulate into a higher organizational-
technological status. As evidenced from one of the Thai companies under study, 
bottom-up activities failed due to the lack of management support. Therefore, the most 
critical factor to ensure success at this stage is top management who must provide 
proper education, and make certain that employee contributions are properly utilized 
and recognized. 
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7.6.2 Medium O-T positioned companies 
The companies In this group generally possess greater technological and 
organizational capabilities than the companies in the first stage. In terms of quality 
management, these companies are characterized by greater management understanding 
and motivation toward quality. Top management tends to take a long-range view 
rather than operational control toward competitiveness. By adopting a more strategic 
view toward quality, quality improvement efforts become more concrete as reflected in 
the adoption of higher-level management principles. 
According to the studies, these companies can gain useful benefits from quality 
management. The extent of benefits depends, obviously, on the effectiveness of the 
transfer of management practices and the organizational capabilities accumulated 
within the firm. 
From the study, the most suitable approaches for this group of companies are: 
TQM, or TQM and ISO 9000. As reflected in one of the companies under study, the 
implementation of ISO 9000 will be more fruitful if accompanied by TQM. However, 
if adopted on its own, ISO 9000 has a tendency to disturb the company's operation at 
least in the beginning. While the long-term effects have yet to be studied, companies 
need to be aware of this possible negative effect so that they are prepared to deal with 
it. 
7.6.3 High 0-T positioned companies 
The companies in this stage generally place great emphasis on organizational 
and technological developments. They have the infrastructures which enable them to 
gain meaningful benefits from quality management leading to competitiveness. This 
agrees with the notion of core competencies or tacit resources that are accredited by 
many authors to be the sources of competitiveness. 
As stated in the literature review, these complementary resources have been 
accumulated through organizational learning and reside within the employees, in the 
organization's technology, and in organizational structure including documents and 
standard operating procedures. Through this, organizational adaptation and 
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technological innovation can evolve in a natural progression. That is, organizational 
growth stimulates technological advances, and adoption of modem technology will be 
met with compatible organizational adaptation. 
Most companies in this group adopt integrated management practices like 
TQM, which generally involves the management and coordination of quality 
improvement across the entire organization. Company-wide education has resulted in 
employee understanding and involvement at all levels toward TQM. Some of the 
companies in this group progress toward integrating quality with strategic planning by 
adopting the approach of policy management (Hoshin Kanri) as used by many 
successful Japanese organizations. 
7.7 Comparison with other models 
The three stages of quality management evolution for the Thai industry as 
proposed in this study can be compared with other models cited in Section 2.10.5. 
Table 6.1 displays the comparison. 
Table 7.1 Comparison among various models of evolution of quality management 
(adapted from Calingo (1996» 
Low O-T Medium O-T High O-T 
(stage I) (stage 2) (stage 3) 
Crosby's: Uncertainty. Awakening. Enlightenment. Wisdom. Certainty. 
quality management No quality activitie Trying motivationa Formal quality More effective Quality improve-
maturity grid No understanding 0 short-range efforts improvement quality improvemel ment is a normal 
quality activities program program. and continued 
activity. 
Calingo's: Annual budgeting Long-range Strategic quality Management by Strategic quality 
strategy-qual ity No specific quality planning. planning. quality. management. 
integration values Product reliability. Qual ity focus on Quality is in the Quality as 
Zero defects business process. fabric of the excellence in 
business. execution 
Williams and Bertsch: Top management Company-wide Quality improve- To/al control. 
quality maturity consensus. education. ment management. Integration of 
Top management Coordination of the qual ity managemen 
wholeheartedly Problem solving quality improvemer and business s t r a t e ~ ~
embraces TQM. process across the 
entire organization. 
Gluck et al.: evolution Basic finanCial Forecast-based Externally- Strategic 
of strategic management planning. planning. oriented planning managemen/. 
Operational control More effective Increasing response Orchestration of all 
planning for growth to markets and resources to create 
competition competitive edge. 
Quinn and Cameron: Entrepreneurial. Formalization Elaboration of 
organizational life Non-bureaucratic and con/rot. structure. 
Collectivity Bureaucratic Very bureaucratic. 
Pre-bureaucratic 
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The low 0-T stage is equivalent to the uncertainty and awakening stages 
according to Crosby's model. However, most low 0-T companies in this study would 
be classified as a ~ a k e n i n g g as they generally implement some types of management 
tools. This is because the study focused mainly on t h ~ ~ companies interested in quality 
management. Although there may be a lot more companies in the uncertainty stages, 
they are not particularly covered in this study. 
The companies in the medium 0-T stage may be classified enlightened 
according to Crosby. These companies have started to implement a formal quality 
improvement program, and the most popular one in this study seems to be ISO 9000. 
Through seeking registration, they gain better appreciation of quality as a critical 
success factor. The companies which seek to attain ISO 9000 certification prior to 
TQM tend to be placed in this group. 
The companies in the high 0-T group may be put in the stages of wisdom and 
certainty according to Crosby's maturity grid. In this sttldy, it is not possible to 
classify the companies to this level of detail as the survey cannot fully reveal detailed . 
characteristics. However, deeper aspects can be disclosed from the case studies of the 
seven companies. Based on the cases, the best Thai company can be classified as being 
in the wisdom stage in transition to the certainty stage, and all the Japanese companies 
can be placed in the certainty stage. There are only a few companies in the certainty 
stage as it is difficult to attain. Those companies tend to be the winners of the different 
national quality awards as seen in the Japanese case studies. 
7.8 Framework for the Transfer of quality management 
Based on the stages of organizational-technological development, it can be 
seen that the higher the 0-T level, the more benefits a company can obtain from 
management practices. In fact, successful adoption of quality management depends on 
the effectiveness of transfer of management innovation which is related to the 
progression along different stages of organizational-technological development. 
In general, the transfer of management innovation can be divided into three 
forms: principles, organizational vehicles, and tools [Lillrank, 1995]. Management 
principles are related to the paradigms and specify some success factors. They can be 
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tonnulated into strategies when applied to specific organizations and situations. 
Organizational vehicles refer to the structures that are required for implementing a 
strategy. The transfer of organizational vehicles is very complex and requires careful 
adaptation to the I Jcal environment. Management tools are straightforward techniques 
such.as statistical process control and problem-solving techniques. They are easiest to 
implement and can be applied in a variety of organizational settings. 
As viewed in this context, the progression of organizational-technological 
development for the Thai companies depends on the levels of management transfer 
and their effectiveness as shown in Figure 7.1. 
According to Figure 7.1, the companies in the low O-T stage tend to transfer 
only management tools such as statistical process control, suggestion systems and 
quality control circles. Although these tools can be easily adopted and require minimal 
organizational adaptation, their effects are quite limited to operational results. To 
achieve the full benefits, such management tools need organizational support which 
tends to be insufficient in this group of companies. Thus they fail to acquire full 
advantages from most management practices .. 
Stage I 
Principles ~ ~ motivation I 
understanding 
Organization Structure ~ ~ core competencies 
SUSTAINABLE COMPETITIVE ADVANTAGE 
Figure 7.1 Framework for the transfer of quality management 
For companies in the medium 0-T stage, the transfer involves both tools and 
management principles. The adoption of management principles leads to better 
understanding and motivation that, in turn, result in commitment at management level. 
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Conclusions Chapter Seven 
This ensures necessary organizational support such as resource allocation, training of 
personnel, and the climate favorable to quality improvement. Therefore, effective tool 
use is promoted, 'and the companies are able to enjoy greater benefit from quality 
management. At the end of this stage, the company should be able to secure 
organizational commitment which helps in transition to the higher stage. 
Finally, companies in the high O-T stage are those that can effectively transfer 
management tools, management principles, and organizational structure. Organization 
structure is defined as the established pattern of relationships between the components 
or parts of an organization that distinguishes and delineates the relationship between 
them, outlining the communication, control and authority patterns (Kast and 
Rosenzweig, 1979; Wilson and Rosenfield, 1990). As a result of adopting an 
appropriate organizational structure, the organizational system will be designed to 
support employee initiatives and organizational learning, thus cultivating a culture 
conducive to quality improvement. This eventually accumulates to core competencies 
and complementary resources that are the basis for organizational/technological 
~ o v a t i o n . . The companies which have progressed to this stage will achieve 
sustainable competitive edge, and also gain maximum advantage from management 
approaches. 
What this investigation has emphasized in the adoption of management 
practices is that companies should not only adopt tools and understand management 
principles, they should also try to create a culture that accommodates these 
philosophies. In essence, management principles. organizational vehicles, and tools are 
complementary to each other, and the achievement of all three will lead to sustainable 
competitive advantage. 
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Summary 
A main purpose of this study was to create a model for the transfer of 
management innovation by studying the evolution of quality within Thai 
manufacturing industry. 
First of all, a survey of 53 Thai manufacturing companies that are interested in 
or adopting quality management was conducted. Based on two popular management 
practices (TQM and ISO 9000), three hypotheses were tested regarding their impacts 
on performance: (1) companies adopting TQM exhibit better performance than those 
without quality systems, (2) the level of performance of companies with ISO 9000 
certificates is lower than or equal to that of companies adopting TQM, and (3) the 
level of performance of companies with TQM and ISO 9000 is higher than that of 
companies adopting only ISO 9000. 
The three hypotheses were tested by adopting a diagram that displays the 
relationship between organizational and technological development (O-T map), and 
using analysis of variance techniques. It was found that all the three hypotheses were 
supported. Besides identifying the appropriate management practices for the Thai 
industries, the results also help identify the evolution of quality management within 
the Thai manufacturing industries. 
To validate the fmdings and conduct further analysis, a qualitative study was 
carried out by adopting a multiple case study approach. Seven manufacturing 
companies in Thailand and Japan were investigated in terms of their performance, 
adoption of management innovation, and the critical factors to successful adoption. 
The results of the analyses strengthened the hypotheses tested in the quantitative 
survey regarding TQM and ISO 9000, and highlighted the various stages in the 
evolution of quality management. 
Finally, a model for the transfer of management innovation was created based 
on the findings from the quantitative survey and the qualitative case studies. It is 
suggested that the transfer of management innovation involves three levels from low to 
high: (I) the transfer of tools and techniques, (2) the transfer of management 
principles, and (3) the transfer of organizational structure and culture. The higher the 
level of transfer, the more benefits a company can obtain from quality management. 
161 
Summary Summary 
The findings emphasi7.ed that comparues should attempt to create a culture that 
accommodates the tools and management principles in order to enjoy sustainable 
competitive advantage. 
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Letter to respondents 
Appendix A 
lbe following questionnaire is used in a survey of the Thai manufacturing companies in order 
to assess the pattern of organizational and technological development. It is part of ongoing research 
activities carried out by a staff member of Thammasat University in cooperation with the University cf 
Nott::1gham, U.K.. Your responses will be very useful in providing information on the organizational 
changes versus technological innovations in order to analyze the development pattern. 
Please note that your name and affiliation is needed only for the purpose of rechecking in case 
of incomplete data. Otherwise it will be kept confidential and will be used for this research only. 
**********************************************************.*********************** 
Company Name --: ________ Types of Product ..,.--,-________ _ 
Is your company a joint venture? If yes, with which country ______ _ 
Your name Position 
._--------------------Telephone 
* * * * * * * * * ~ * ~ * ~ * ~ * ~ * ~ . ~ . * ~ . ~ . ~ . - . - * - . - . .•• - . - . - . ~ . ~ . ~ . ~ . ~ . * ~ . ~ ~•••••••• * •••• * •••••••••• *.** •••• ****** •• *.**** 
Part I General Information 
1. Please fill in the numbers about different types of employees in your organization 
1.1 total number wage-eaming employees _________ _ 
1.2 the number of skilled employees earning wages. _______ _ 
1.3 total number of salaried employees ________ _ 
1.4 the number of salaried employees with college education. _______ _ 
2. Please circle the figure showing whether your company adopts the following management 
philosophies. 
(I) No, without future plan. 
(2) No, with future plan. 
(3) Yes. 
2.1 achieving ISO 90000r other quality standards 
2.2 total quality management 
2.3 quality control circle 
2.4 suggestion system 
2.5 others (please specify), _____________ _ 
f!!!:!..!! Organization 
2 
2 
2 
2 
2 
l. Please circle the proper figure showing the characteristics of organizational structures in your 
company. 
3 
3 
3 
3 
3 
(1) nothing, (2) little, (3) some, (4) much, (5) very much 
1.1 Are there any self-controlling groups in the production area? I 2 3 4 5 
1.2 Are there any matrix structures including sales, design and production in 
new product development? I 2 3 4 5 
1.3 Are there any cross functional groups- ad hoc or permanent- for solving 
cross-functional problems? I 2 3 4 5 
2. Please choose the figure showing the characteristics of coordination among the following 
department. 
(I) informality (2) little formality (3) some formality (4) high formality (5) v. high formality 
2.1 production and marketing/sales 
2.2 design and administration/ finance 
2.3 purchasing and produl:t:on 
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2.4 purchasing and design 
2.5 production and design 
2 3 4 5 
2 3 4 5 
3. Please circle the proper figure showing the characteristics of the following management systems in 
your company. 
(1) not existing 
(2) very unfonnalized 
(3) unfonnalized, dependent upon specific person 
(4) fonnalized, dependent upon specific person 
(5) fonnalized, responsibility of a group 
3.1 strategic planning s y s t ~ m m 2 3 4 5 
3.2 strategy deployment 2 3 4 5 
3.3 quality assurance system 2 3 4 5 
3.4 education and training system 2 3 4 5 
3.5 sales forecasting system 2 3 4 5 
3.6 cost accounting system 2 3 4 5 
3.7 perfonnance evaluation system for department 2 3 4 5 
3.8 project planning system 2 3 4 5 
3.9 maintenance system for machines 2 3 4 5 
3.10 others 2 3 4 5 
4. Please select the proper figure showing the efforts in carrying out the following activities. 
(I) nothing, (2) little, (3) some, (4) much, (5) very much 
4.1 Training and educating employees I 2 3 4 5 
4.2 Developing individual initiatives I 2 3 4 5 
4.3 Encouraging employee participation in problem solving I 2 3 4 5 
4.4 Empowering employees' decision making 2 3 4' 5 
4.5 Instilling quality consciousness in employees 2 3 4 5 
4.6 Encouraging the internal customer concept 2 3 4 5 
4.7 Improving work environment and safety 2 3 4 5 
4.8 Encouraging job rotation 2 3 4 5 
4.9 Establishing individual perfonnance objectives 2 3 4 5 
4.10 Establishing individual perfonnance incentives 2 3 4 5 
4.11 Communicating common organizational goals across functions 2 3 4 5 
4.12 Providing assistance to suppliers in problem solving 2 3 4 5 
4.13 Utilizing suppliers know how in the design process 2 3 "4 5 
5. Please circle the proper figure showing the amount ofre-organizing activities in the last five years in 
the following department. 
(1) nothing, (2) little, (3) some, (4) much, (5) very 
much 
5.1 purchasing 2 3 4 5 
5.2 design and engineering 2 3 4 5 
5.3 production 2 3 4 5 
5.4 marketing 2 3 4 5 
5.5 finance/administration 2 3 4 5 
Part III Technology 
1. To what extent are computer-controlled machines used in the following manufacturing activities? 
(I) nothing, (2) little, (3) some. ( ~ ) ) much, (5) very much 
1.1 materials handling I 2 3 4 5 
1.2 transporting 2 3 4 5 
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1.3 assembling/welding 2 3 4 5 
1.4 measuring and testing 2 3 4 5 
1.5 fabricating 2 3 4 5 
1.6 others (please specify) 2 3 4 5 
2. To what extent is computer used in the following design activities? 
(1 ) nothing, (2) little, (3) some, (4) much, (5) very much 
2.1 drawing I 2 3 4 5 
2.2 design of component I 2 3 4 5 
2.3 engineering calculations 2 ·3 4 5 
2.4 product performance simulation 2 3 4 5 
2.5 parameter design 2 3 4 5 
2.6 retrieval 2 3 4 5 
2.7 use of 3D techniques 2 3 4 5 
2.8 others (please specify) 2 3 4 5 
3. To what extent is computer used in information processing and information flow regarding the 
following process planning activities? 
(I) nothing, (2) little, (3) some, (4) much, (5) very much 
3.1 programming I 2 3 4 5 
3.2 simulation of processes 
3.3 process routings 
3.4 others (please specify) ___ . _ ~ ~_______ _ 
2 3 4 5 
2 3 4 5 
2 3 4 5 
4. To what extent is computer used in information processing and information flow regarding the 
following production planning activities? 
4.1 material requirement planning 
4.2 scheduling 
4.3 capacity planning 
4.4 data collection 
4.5 following up the suppliers 
(I) nothing, (2) little, (3) some, (4) much, (5) very much 
12345 
I 2 3 4 5 
2 3 4 5 
4.6 others (Please specify), ____________ _ 
2 3 4 5 
2 3 4 5 
2 3 4 5 
5. To what extent is computer used in the information processing and information flow in the 
following finance/administration! accounting activities? 
(I) nothing, (2) little, 
5.1 inventory status 
5.2 management reporting systems 
(3) some, (4) much, (5) very much 
I 2 3 4 5 
I 2 3 4 5 
5.3 others (please specify), _____________ _ 2 3 4 5 
6. To what extent is computer used in the information processing and information flow in the 
following marketing! sales activities? 
6.1 sales forecasting 
6.2 order specification 
5.3 sales reporting systems 
(I) nothing, (2) little, (3) some, (4) much, (5) very much 
I 2 3 4 5 
2 3 4 5 
2 3 4 5 
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7. To what extent is information transferred between functions through computer systems? 
(I) nothing, (2) little, (3) some, (4) much, (5) very much 
7. 1 production and marketing! sales I 2 3 4 5 
7.2 marketing/sales and design 
7.3 design and administration! finance 
7.4 purchasing and production 
7.5 purchasing and design 
7.6 production and design 
Part IV Performance 
1. To what extent have you achieved goals in the following criteria? 
(I) negative or not-at-all (2) less than expected (3) as expected 
1.1 sales growth 
1.2 increase in market share 
1. 3 rate of new product introduction 
1.4 growth ofeaming 
1.5 return on investment 
1.6 improvement on product quality 
1.7 improvement on productivity 
1.8 improvement in participation of employees 
1.9 development of human resource 
1.10 tum of inventory 
1.11 delivery 
1.12 other __________________ _ 
2. To what extent is the overall company growth? 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
(4) more than expected 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
2 3 4 
(l) negative or not-at-all (2) less than expected (3) as expected (4) more than expected 
2.1 during the last five years? 2 3 4 
2.2 during the last four years? 2 3 4 
2.3 during the last three years? 2 3 4 
2.4 during the last two years? 2 3 4 
2.5 during the last years? 2 3 4 
Part I General Information 
Question I extracts the general information of companies in terms of the number of 
employees. This information is used to classify the companies into different sizes. Question 2 is used to 
categorize the companies into those adopting TQM, ISO, BOTH, and neither. It also reveals the 
different types of management practices that are adopted in the companies 
Part II Organization 
Part II evaluates the organizational dimension by including strategic quality and planning 
process, functional coordination, teamwork, human resource management, and supplier relationship. 
Each question is based on a five-point likert scale, and the total scores are 180. 
Part III Technology 
Part III measures the technological dimension of companies by referring to the use of 
advanced automation technology in various functions and between functions. The total scores are 180, 
and the aggregated scores for each respondent provide the data for the technological index. 
Part IV Performance 
183 
Appendix A 
Part IV measures the company perfonnance in tenns of financial growth, product innovation, 
quality improvement, employee participation, and delivery perfonnance. Question 2 to 6 assess the 
overall perfonnance during the past five years in order to provide infonnation about the trend in 
perfonnance. The aggregated scores of this part provide the data on perfonnance of each respondent. 
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Appendix B Customer Survey 
Customer Concerns Mfg. (A) Mfg. (B) Mfg. (C) 
(Key Purchase Criteria \ 
.... : :: "'0 .... : g ~ ~ '-0: i-oI g g ~ ~ .... : 0..: 0: ... : 0 : Oil 0..: g 1 .: 
:> 1 8.1;E 1 ~ 1 : > > :> 1 0..1 ~ ~
~ - g g 1-0: 1 "0 
"0 : 0 0: ... : : "O i g 
0 : Oil 8.1 0 : ... : 0: Oil ~ ~ : > > :> 1 8 8 ~ ~ Jf ~ ~ ~ :> 
Mfg. (D) 
Product-related factors 2141618 110 2 i 4 i 6 8110 214 1618110 214161 8110 
1. Price 
2. Product features 
Service-related factors 
1. After-sales service 
2. Inquiry lead-time 
Tota) 
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Appendix C Structured Interview 
Section l. Strategic Management 
1. Please rank the relative importance of the following forces affecting your organization. 
(I being the most important) 
Threat of entry 
Substitution 
Suppliers 
Customers 
Competition 
Government Regulations 
2. Please rank your company's strategic objectives. (I being the most important) 
Profitability 
Sales growth 
Technological leader 
Market leader 
Social contribution 
3. What is the degree of impact the following attributes have on improving competitiveness? 
Appendix C 
a. Improving product quality Very unimportant I 2 3 4 5 Very important 
h. Improving delivery performance Very unimportant I 2 3 4 5 Very important 
c. Lowering product cost Very unimportant I 2 3 4 5 Very important 
d. Improving customer service Very unimportant 1 2 3 4 5 Very important 
4. The stage of development of your main product during the last three years is : 
(a) introductory stage: Primary demand just starts to grow. 
(b) growth stage: Demand is growing at a minimum of 10 % in real tenns, technology or 
competitive structure is still changing. 
(c) maturity stage: Products are familiar to most prospective users; technology and 
competitive structure are reasonably stable. 
(d) decline stage: Products are viewed as commodities; weaker competitors start to exit. 
5. What is the degree of emphasis being placed on each type of activity over the next 5 years? 
a. Broadening of product line Little emphasis I 2 3 4 5 Great emphasis 
b. Vertical integration Little emphasis 1 2 3 4 5 Great emphasis 
c. Expanding to other geographic regions Little emphasis 2 3 4 5 Great emphasis 
d. Implementing a quality system 
(please specifY Little emphasis I 2 3 4 5 Great emphasis 
6. Does your company have a strategic plan? a. yes 
7. Does manufacturing contribute to the strategic planning process? a. yes 
Section 2. Management of Organisational System 
Management of Quality 
I. Is quality one of the key strategy relegated by top management? 
a. yes 
2. Is quality strategy fonnulated into quality plans '! 
a. yes 
b. no 
b. no 
b. no 
b. no 
3. Does your company have a quality steering group to oversee the quality policy and implementation? 
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a. yes b. no 
4. Is there a comprehensive quality system in the company? 
a. yes (specify ______ _ b. no 
5. If yes to question (4), what is the initial purpose of implementing the company's quality system? 
6. If yes to question (4), what are the main benefits of the quality system? (e.g. product quality, work in 
progress, lead time, customer satisfaction, communication, business control, employee morale) 
7. Does your company have a quality policy? 
a. yes 
8. If yes to question (7), how is quality policy communicated to lower levels? 
9. If yes to question (7), how is quality policy communicated among functions? 
10. Have you documented work instructions and procedures? 
11. Do you use internal audits? 
a. yes 
a. yes 
b. no 
b. no 
b. no 
12. What is the degree of emphasis top management place on quality improvement? 
Little emphasis I 2 3 4 5 Great emphasis 
13. How are quality responsibilities delegated to various functions? 
14. How are quality responsibilities delegated to lower levels? 
15. How does management facilitate vertical communications? 
I6. How does management facilitate cross-functional communications? 
Quality Activities 
17. Suggestion System 
Is there a utilization of suggestion system? 
a. yes b. no 
If no, has it been considered or used in the past? Why is it not utilized now? 
What is the number of suggestions / employee/ year? 
What is the percentage of suggestions approved by management? 
What is the degree of emphasis being given to financial benefits? 
Little emphasis I 2 3 4 5 Great emphasis 
What is the degree of emphasis being given to employee benefits (i.e. increased employee morale) ? 
Little emphasis I 2 3 4 5 Great emphasis 
What are the other benefits achieved from suggestion system? (e.g. product quality, work in progress, 
lead time, customer satisfaction, communication, business control, employee morale) 
What reward systems are provided? (e.g. monetary reward, prizes, non-monetary recognition) 
18. Small Group Activities 
Is there a utilization of teams that engage in problem solving and continuous improvement? 
a. yes b. no 
If no. has it been considered or used in the past? Why is it not utilized now? 
What departments do teams exist in? 
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Who selects the problem to be tackled by the teams? 
a. management 
Are the teams properly trained in problem analysis and solving? 
a. yes 
AppendIx C 
b. the teams 
b. no 
What are the benefits achieved? (discuss in terms of economic, operational, and organizational 
benefits) 
19. What are the other quality activities implemented in the organization? (e.g. internal customer 
concept, quality costing, quality function deployment) 
Section 3. Manufacturing InC; "structure 
Quality systems in manufacturing 
I. How is incoming inspection done on incoming parts? 
a. heavy incoming inspection b. reduced incoming inspection 
c. skip lot d. certification 
2. Is there a systematic policy to reduce incoming inspection (from 100% inspection to sampling to skip 
lot, and finally to full certification)? 
a. yes 
3. Are the following techniques used in manufacturing? 
Statisticai process control (SPC) a. yes 
Design of experiment a. yes 
Poka yoke ( ~ o o l l proof system) a. yes 
4. How is your failure analysis capability as compared with the best competitor? 
b. no 
b. no 
b. no 
b. no 
Much lower I 2 3 4 5 Much better 
5. Do you have an effective gauge and equipment calibration system? 
a. yes 
6. Who carries the responsibilities of gauge and equipment calibration? 
(a) operator (b) foreman (c) supervisor (d) QNQC dept. (e) others. ___ _ 
7. Please rank the relative importance of the factors causing product quality problems. 
(Enter I for the most important factor). 
Purchased parts 
Processes/ equipment 
Operators 
Manufacturing management 
b. no 
8. To what extent are workers encouraged to acquire multiple skills for maximum manufacturing 
flexibility? 
Little extent I 2 3 4 5 Great extent 
9. To what extent isjob rotation applied among workers? 
Little extent I 2 3 4 5 Great extent 
10. Are workers given authority to shut down a line in case of problems or unacceptable quality? 
a. yes 
II. Are workers grouped into small problem-solving teaJT1s? 
a. yes 
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12. Are workers trained to perform inspection of the previous work prior to carrying on his own tasks? 
a. yes b. no 
Manufacturing capability 
13. Have there been large capital investment concerning manufacturing capabilit:es within the past 3 
years? 
a. yes b. no 
14. Have there been little investment concerning manufacturing capabilities within the past 3 years? 
a. yes b. no 
15. Is CAD (computer aided design) used in drawing and design to improve engineering effectiveness? 
a. yes b. no 
16. Is CAM (computer aided in manufacturing) applied to incorporate design with production process? 
a. yes b. no 
17. Is CAE (computer aided in engineering) used in the design and analysis of your product? 
a. yes b. no 
18. Is CAPP (computer aided in production planning) used in production planning and control? 
a. yes b. no 
19. To what extent is an attempt to increase automation being made? 
Little extent 1 2 3 4 5 Great extent 
20. What is the main purpose of introducing automation? 
(a) reduce direct labor (b) increase process flexibility 
(c) remove drudgery (d) in.::rease safety 
(e) others. ________________ _ 
21. To what extent is the collection and analysis of data being used by information technology? 
Little extent I 2 3 4 5 Great extent 
Production Planning and Control 
22. How far forward does your aggregate planning extend? 
(a) 6 months (b) 12 months (c) 18 months (d) 24 months (e) others. __ _ 
23. How do you cope with peak demand? 
(a) refuse business in order to bring the demand in line with capacity 
(b) use overtime 
(c) subcontract workforce 
(d) subcontract tasks to outside suppliers 
(e) others ______________ ~ ~__ _ 
24. The degree of instability in your plant operation due to product variety is: 
(a) none (b) little (c) average (d) above average (e) outstanding 
25. The degree of instability in your plant operation due to schedule changes is: 
(a) none (b) little (c) average (d) above average (e) outstanding 
26. The degree of instability in your plant operation due to expediting of orders is: 
(a) none (b) little (c) average (d) above average (e) outstanding 
27. The degrf"e of instability in your plant operation due to volume fluctuations is: 
(a) none (b) little (c) average (d) above average (e) a great deal 
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28. What percentage of total inventory accounts for the asset total? 
(a) less than 15 % (b) 16-25 % (c) 26-35% (d)36-45 % (e) more than 45 % 
29. What percentage of part/component inventory accounts for the asset total? 
(a) less than 15 % (b) 16-25 % (c) 26-35% (d)36-45 % (e) more than 45 % 
30. What percentage of WIP inventory accounts for the asset total? 
(a) less than 15 % (b) 16-25 % (c) 26-35% (d)36-45 % (e) more than 45 % 
31. Please rank the relative importance of the reasons for keeping WIP inventory. 
____ erratic process yields 
____ unreliable equipment 
____ long setup time 
____ constantly changing production schedule 
____ unreliable suppliers 
Section 4. Organizational infrastructure 
Human Resource Management: Performance Evaluations 
I. Is there a goal-sharing scheme that ties individual performance to company perfonnance? 
a. yes b. no 
2. In evaluating individual perfonnance, how much emphasis is placed on worker's contribution to his 
team? 
Little emphasis I 2 3 4 5 Great emphasis 
3. What is the basis for promoting an employee? 
a. ability appropriate to the job being promoted 
b. the performance ofthe employee's current job 
c. seniority 
d. others 
-------------------------------------------------
4. Is there recognition and reward for those achieving quality goals? a. yes 
5. Is there recognition and reward for those willing to learn multiple skills? a. yes 
6. What reward systems are provided? (e.g. promotion, monetary rewards, certificates) 
Training 
7. What is the average educational level of workers? 
8. What are the issues of entry-level training provided to workers? 
9. What are the issues of entry-level training provided to white-collar employees? 
10. To what extent are your employees given opportunities for on-the-job training? 
b. no 
b. no 
Little extent I 2 3 4 5 Great extent 
II. To what extent are your employees given opportunities for otf-the-job training? 
Little extent I 2 3 4 5 Great extent 
12. How many days per year do the following personnel spend on fonnal training? 
Top management 
Middle management 
Supervisors 
Operators 
Customer Orientation Function 
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13. To what extent are the following customer-driven activities undertaken on the key product? 
Market surveys Little extent I 2 3 4 5 Great extent 
Evaluation of competitive products Little extent I 2 3 4 5 Great extent 
Continual contacts with customers Little extent I 2 3 4 5 Great extent 
Interaction between sales, service, manufacturing, 
and engineering to utilize field reliability data Little extent I 2 3 4 5 Great 
extent 
14. How would customer orientation be described in the company? 
Supplier Management 
15. What is your sourcing policy? 
a. multiple sourcing b. reduced supplier base c. double sourcing 
16. Are you attempting to reduce your supplier base? 
a. yes 
17. What is the process of selecting your suppliers? 
d. single sourcing 
b. no 
a. bidding/quotation b. negotiation c. sourcing d. others _______ _ 
IS. Do you establish any long-term legal contracts with your suppliers? 
a. yes 
19. How long does your company usually stay with one supplier? 
a. 1-2 years b. 3-5 years c. 6-S years d. more than 8 years 
b. no 
20. Please rank the importance of the basis for selecting your suppliers. (I being the most 
important) 
price 
quality 
product! process capabilities 
past performance 
total cost (price, and cost of poor quality and delivery) 
21. How do you describe the relationship with your suppliers? 
a. distrust b. suspicion c. limited trust d. full trust 
22. Do you have an active partnership relationship with your key suppliers? 
a. yes 
23. Do you encourage your suppliers to move toward partnership? 
a. yes 
b. no 
b. no 
24. To what extent is information on production process shared between you and your suppliers? 
Little extent I 2 3 4 5 Great extent 
25. To what extent is information on production costs shared between you and your suppliers? 
Little extent I 2 3 4 5 Great extent 
26. To what extent are there consultations with the suppliers on such issues as design, cost trade-offs in 
specifications, and systematic reductions in cycle-time? 
Little extent I 2 3 4 5 Great extent 
27. To what extent do you encourage early supplier involvement in your initial designs? 
Little extent I 2 3 4 5 Great extent 
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28. Do you have a supplier improvement program? 
a. yes 
29. How do you evaluate your suppliers? 
a. no evaluation 
c. based on costs 
e. others 
-----------------------------
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b. based on the number of defects 
d. evaluation based on delivery 
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b. no 
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The responses of 53 companies that were fonnulated into aggregated indices. 
TYPE- 0 T P Activities 
1 1 .5 91 42 IQM, ISO plan, QCC 
1 125 104 45 BPR. IQM, QCC plan, IS09000 
1 96 58 36 TPM, ISO plan, TOM plan 
1 80 86 39 TQMplan, TPMplan. QCC plan 
1 113 73 30 6PR, ISO 9000, QCC. TQMplan.TPMplan 
2 152 128 47 IQM, ISO 9000, QCC 
2 131 100 45 TPM, ISO 9000, QCC plan,TQMplan 
2 113 47 32 TQM. QGC. TPM. BPR 
2 106 42 35 TQM. TPM plan 
2 121 93 42 BPR,TPM,ISO plan,TQMplan. QCC plan 
2 9S 7S 29 BPR,TQM-TPM-QCC plan, ISO ,lean 
2 77 59 31 BPRplan,TPM plan.acC plan. kaizen 
3 136 53 41 BPR,TPM,TQM plan, QCC, ISO 9000 
3 122 84 42 BPR,TPM.TQM,QCC plan. ISO 9000 
3 127 11S 46 BPR.TPMplan.TQM. QCC. ISO 9000 
3 116 87 41 TPM .IQM. QCC. ISO 9000 
3 126 74 32 BPRplan,TQMplan.TPM. QCC 
3 111 49 42 TQM-TPMplan, QCC plan, ISO plan 
3 128 107 45 IQM,TPM-QCC plan, ISOplan.BPRplan 
3 124 111 45 BPR,TQM-TPM-QCC plan,lS09000 
3 148 100 47 BPR,TQM-TPM plan, QCC, ISO plan 
3 118 88 48 BPR,TPM,IQM,ISO 9000, QCC 
3 128 100 50 TQM ,QCC,IS09000.ISO 14000. TPMpian 
3 85 101 31 ISO plan 
3 121 108 43 TQM-TPM plan. QCC. ISO 9000 
3 114 104 36 TQM-TPMplan, QCC plan ISO 9000 
3 108 83 42 BPR_TQM-TPMplan.QCCplan.ISOplan 
3 160 86 47 BPR, TaM .TPM.QCC,IS09000,IS014000 
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Appendix D (continued) 
TYPE* 0 T. P Activities 
4 68 44 28 TQM-TPM plan,QCC plan, ISO plan 
4 95 39 36 QCC plan, ISO plan 
4 122 59 46 BPR, TPM, TQM, QCC 
4 95 62 30 TQM-TPMplan, QCC plan, ISO plan 
4 146 133 51 TPM,IQM, QCC 
4 134 105 46 TPMplan,TOM ,acc plan, ISO 9000 
4 127 105 38 BPR, TPM,TOMplan, ISO 9000 
4 76 42 28 TQM-TPMplan, QCC plan, ISO plan 
4 101 51 32 TPM,TQM plan,aCC plan, ISO 9000 
4 105 46 28 BPR,TPM-TQM plan, QCC plan 
4 149 132 45 BPR,TPM,IQM, acc, ISO 9000 
5 146 118 44 BPRplan,TPM,TQM, QCC plan, ISO plan 
5 112 101 42 BPR plan, TPM, IQM 
5 88 65 30 BPR,TPM,NM, QCC plan 
5 129 111 47 TPM, IQM, ISO 9000 
5 105 88 33 TPM, IQM, ISO 9000 
5 117 92 34 BPR.TPM,TaM plan, QCe plar 
5 112 59 43 BPR. TPM, TQM, ace plan 
5 102 60 33 TPM,TaM plan, ISO 9000 
6 130 76 46 BPR, TPMplan,IQM 
6 124 71 40 BPRplan,TPM,IQM, acc 
6 128 76 43 BPR.TPM,IQM, QCC, ISO plan 
6 143 66 37 BPR. TPM,TaM-aCC plan, ISO plan 
6 147 101 44 TPMplan,TQM, acc, ISO plan 
6 142 44 37 BPR. TPM,TQM plan, acc 
* Note Type I = primary/fabricated metal 
Type 2 = Industrial machinery & equipment 
Type 3 = Electronic & other electric equipment 
Type 4 = Chemicals & allied products 
Type 5 = Rubber & plastic products 
Type 6 == Food. textiles, leather 
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Table I shows the results of regression analysis of the standardized values of 0 and 
T. A common approach in searching for the most appropriate model is to fit a higher order 
model and test whether the highest term is significant. Table I © reveals that, at the level of 
significance 0.05; 
ModelS The p-value of the 5th-order term (ZT5) indicates that this term is insignificant. 
Model 4 The p-value of the 4th-order term (ZT4) indicates that this term is insignificant. 
Model 3 The p-value of the 3th-order term (ZTI) indicates that this term is insignificant. 
Model 2 The p-value of the 2nd-order term (ZT2) indicates that this term is insignificant. 
Modell The p-value of the lSI-order term (Zscore) indicates that this term is significant. 
Thus the results reveal that at the level of significance of 0.05, the linear model 
(Model I) was statistically the best tit. According to Table 1 (a), it has the highest value of 
adjusted R-square (.298). The equation is: 
ZO = 1.049-15 + 0.558 ZT, (adjusted R square = 0.298) 
where ZO = standardized 0 indices 
ZT = standardized T indices 
Table 2 shows the results of regression analysis of the nonstandardized values of 0 
and T. Similar to the standardized values, the results reveal that, at the level of significance of 
0.05, the linear model (Model I) was statistically the best fit. 
0= 80.999+ 0.447 T, (adjusted R square = 0.287) 
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Table 1 Regression a'lalysis of the standardized values of 0 and T (53 data points) 
Table I (a) Model summary 
Model Summary 
Model 
2 
.563b .317 .290 .8428593 
3 
.569c .324 .282 .8470745 
4 
.571d 
.326 .270 .8544414 
5 
.571e .326 .254 .8634782 
a. Predictors: (Constant), Zscore(T) 
b. Predictors: (Constant), Zscore(T), ZT2 
c. Predictors: (Constant), Zscore(T), ZT2, 
d. Predictors: (Constant), Zscore(T), ZT2, ZT3, 
e. Predictors: (Constant), Zscore(T), ZT2, ZT3, ZT4, 
Table I (b) ANOV A tables 
ANOVN 
Sum of Mean 
Model Squares df Square 
1 
2 
3 
4 
5 
,...egresslon ltU (3 1 
Residual 35.827 51 
Total 52.000 52 
Kegresslon 16.479 2 
Residual 35.521 50 
Total 52.000 52 
Kegresslon 16.841 3 
Residual 35.159 49 
Total 52.000 52 
Kegresslon 16.957 4 
Residual 35.043 48 
Total 52.000 52 
Regression 16.957 5 
Residual 35.043 47 
Total 52.000 52 
a. Predictors: (Constant), Zscore(T) 
b. Predictors: (Constant), Zscore(T), ZT2 
c. Predictors: (Constant). Zscore(T), ZT2. ZT3 
d. Predictors: (Constant), Zscore(T). ZT2. ZT3. ZT4 
e. Predictors: (Constant). Zscore(T), ZT2. ZT3. ZT4. ZT5 
f. Dependent Variable: Zscore(O) 
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.702 
8.240 
.710 
5.614 
.718 
4.239 
.730 
3.391 
.746 
F Sig. 
"".022 .000" 
11.598 .0000 
7.823 .oooe 
5.807 .001° 
4.549 .0026 
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Table I (c) Coefficients of the fitted models 
Coefficientsi' 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
1 l,-,OnStaOIJ , .041:11:-1!) .11 !) .UUU l.UUU 
Zscore(T) 
.558 .116 .558 4.798 .000 
2 «(.;()Ostant} 
-7.59E-02 .164 -.464 .644 
Zscore(T) 
.556 .117 .556 4.758 .000 
ZT2 7.739E-02 .118 .077 .657 .514 
3 (Constant) 
-4.20E-02 .171 -.245 .807 
Zscore(T) 
.395 .256 .395 1.540 .130 
ZT2 4.117E-02 .129 .041 .319 .751 
ZT3 8.251E-02 .116 .186 .710 .481 
4 (Constant) 
-9.37E-02 .216 -.434 .667 
Zscore(T) 
.354 .278 .354 1.273 .209 
ZT2 
.200 .420 .199 .477 .636 
ZT3 
.115 .143 .260 .805 .425 
ZT4 
-5.45E-02 .137 -.184 -.398 .692 
:> (constant) 
-9.25E-02 .225 -.412 .682 
Zscore(T) 
.345 .479 .345 .719 .476 
ZT2 
.196 .463 .195 .424 .674 
ZT3 
.129 .613 .292 .211 .834 
ZT4 
-5.21E-02 .171 -.176 -.304 .762 
ZT5 
-3.88E-03 .163 -.027 -.024 .981 
a. Dependent Variable: Zscore(O) 
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Table 1 (d) Excluded variables 
Excluded Variablese 
Collinearit 
Partial Y Statistics 
Model Beta In t Si9· Correlation Tolerance 
1 LIZ 
.077" .657 .014 .U!:JJ 1.UUU 
ZT3 
.2198 .919 .363 .129 .238 
ZT4 
.0778 .648 .520 .091 .979 
ZT5 
.1508 .887 .379 .124 .474 
2 ZT3 
.1860 .710 .481 .101 .201 
ZT4 
.029b .078 .938 .011 9.846E-02 
ZT5 .126b .636 .528 .090 .353 
3 ZT4 
-.184c -.398 .692 -.057 6.602E-02 
ZT5 
-.232C -.254 .801 -.037 1.680E-02 
4 ZT5 
-.0270 -.024 .981 -.003 1.096E-02 
a. Predictors in the Model: (Constant). Zscore(T) 
b. Predictors in the Model: (Constant). Zscore(T). ZT2 
c. Predictors in the Model: (Constant). Zscore(T). ZT2. ZT3 
d. Predictors in the Model: (Constant). Zscore(T). ZT2. ZT3. ZT4 
e. Dependent Variable: Zscore(O) 
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Table 2 Regression analysis of the unstandardized values of 0 and T (53 data points) 
Table 2 (a) Model summary 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square R Square Estimate 
1 . ~ 9 " " .301 .21S1 11.fUOl:! 
2 
.556b .309 .282 17.7777 
3 
.566c .321 .279 17.8098 
a. Predictors: (Constant). T 
b. Predictors: (Constant). T. T2 
c. Predictors: (Constant). T. T2. T3 
Table 2 (b) ANOV A tables 
A NOV/IP 
Sum of Mean 
Model Squares df Square F Sig. 
1 Kegresslon ~ t s 4 . 4 0 1 1 1 t)1Sts4.40( 2 1 . l : ! ~ 1 S S .uuua 
Residual 15990.288 51 313.535 
Total 22874.755 52 
:2 RegreSSion 7072.384 2 3536.192 11.189 .000u 
Residual 15802.371 50 316.047 
Total 22874.755 52 
3 RegreSSion 7332.436 3 2444.145 7.706 .000c 
Residual 15542.319 49 317.190 
Total 22874.755 52 
a. Predictors: (Constant). T 
b. Predictors: (Constant). T. T2 
c. Predictors: (Constant). T. T2. T3 
d. D e p e . n d e n t V a r i ~ : O O
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Table 2 (c) Coefficients of the fitted models 
CoefficientSi 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta 
1 (vOnSlant) 8 0 . ~ ~ ~ ~ tS.;lU:> 
T 
.447 .095 .549 
Z (Constant) 98.742 24.441 
T 
-2. 93E-02 .625 -.036 
T2 2.893E-03 .004 .592 
J (Constant) 31.660 78.027 
T 2.671 3.048 3.277 
T2 
-3.06E-02 .037 -6.253 
T3 1.299E-04 .000 3.608 
a. Dependent Variable: 0 
Table 2 (d) Excluded variables 
Excluded Variables" 
Model Beta In t 
1 
2 
J 
.. , 
.592" .771 
T3 .3468 .860 
T4 
.2658 .930 
T5 .2268 .981 
TJ 3.6080 .905 
T4 1.331b .889 
T5 .748b .870 
T4 -5.24OC -.222 
T5 -1.59OC -.224 
a. Predictors in the Model: (Constant). T 
b. Predictors in the Model: (Constant). T. T2 
C. Predictors in the Model: (Constant). T. T2. T3 
d. Dependent Variable: 0 
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Sig. 
.444 
.394 
.357 
.331 
.370 
.378 
.388 
.825 
.824 
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t Sig. 
~ . t S f ; l l .000 
4.686 .000 
4.040 .000 
-.047 .963 
.771 .444 
.406 .687 
.876 .385 
-.823 .415 
.905 .370 
Collinearit 
Partial y Statistics 
Correlation Tolerance 
.10tS 2.347E-02 
.121 8.534E-02 
.130 .169 
.137 .259 
.128 8.731E-04 
.126 6.193E-03 
.123 1.880E-02 
-.032 2.538E-05 
-.032 2.813E-04 
Appendix F 
Appendix F 
Regression analysis of companies at stage 1 
Model Sun::nary 
Std. Error 
of the Adjusted 
Model R R Square R Square Estimate 
1 
2 
3 
4 
5 
.Ul;'-
.000 -.UOQ 1.u.:JI{.(U13U 
.423b .179 .062 .9684962 
.425C 
.181 -.008 1.0040625 
. 4 5 ~ ~ .205 -.061 1.0298670 
.453e .205 -.156 1.0753116 
a. Predictors: (Constant). Zscore(T1) 
b. Predictors: (Constant). Zscore(T1). ZT12 
c. Predictors: (Constant). Zscore(T1). ZT12. ZT13 
d. Predictors: (Constant). Zscore(T1). ZT12. ZT13. ZT14 
e. Predictors: (Constant). Zscore(T1). ZT12, ZT13. ZT14, 
ZT15 
ANOVN 
Sum of Mean 
Model Squares df Square 
I M:egresslon :l.ots, E-03 , :l.t5I:SlI:-U') 
Residual 15.997 15 1.066 
Total 16.000 16 
L Kegresslon 2.868 2 1.434 
3 
4 
5 
Residual 13.132 14 .938 
Total 16.000 16 
RegreSSion 2.894 3 .965 
Residual 13.106 13 1.008 
Total 16.000 16 
Kegresslon 3.272 4 .818 
Residual 12.728 12 1.061 
Total 16.000 16 
Kegresslon 3.281 5 .656 
Residual 12.719 11 1.156 
Total 16.000 16 
a. Predictors: (Constant). Zscore(T1) 
b. Predictors: (Constant). Zscore(T1). ZT12 
c. Predictors: (Constant). Zscore(T1). ZT12. ZT13 
d. Predictors: (Constant), Zscore(T1), ZT12. ZT13. ZT14 
e. Predictors: (Constant). Zscore(T1). ZT12. ZT13. ZT14. ZT15 
f. Dependent Variable: Zscore(01) 
201 
Appendi" F 
F Sig. 
.UUJ .!iol" 
1.529 .251 0 
.957 .442C 
.771 .564° 
.567 .7246 
Appendix F 
Appendix F 
Coefficienfs8 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. , \vonSTaOlJ I !I.;):tolC-l0 
.250 .uuo 1.UUU 
ZScore(T1} 
-1.29E-Q2 .258 -.013 -.050 .961 
"L (Constant) 
.536 .386 1.387 .187 
Zscore(T1} 7.576E-03 .242 .008 .031 .976 
ZT12 
-.569 .326 -A24 -1.748 .102 
3 (\joostant) 
.534 AOO 1.334 .205 
Zscore{T1} 8.820E-02 .562 .088 .157 .878 
ZT12 
-.565 .338 -A21 -1.671 .119 
ZT13 
-S.40E-02 .337 -.090 -.160 .875 
4 (Constant) 
.772 .573 1.349 .202 
Zscore(T1} 
.167 .591 .167 .283 .782 
ZT12 
-1.195 1.110 -.890 -1.077 .303 
ZT13 
-.113 .359 -.189 -.314 .759 
ZT14 
.253 A24 A99 .597 .561 
:) ( '-'Oflstam) 
.764 .613 1.279 .227 
Zscore(T1) 
.281 1.479 .281 .190 .853 
ZT12 
-1.208 1.169 -.899 -1.033 .324 
ZT13 
-.295 2.181 -A93 -.135 .895 
ZT14 
.253 .443 .499 .572 .579 
ZT15 5.668E-02 .S70 .211 .085 .934 
a. Dependent Variable: Zscore(01) 
Excluded Variablestl 
Collinearit 
Partial ...y Statistics 
Model Beta In t Sig. Correlation Tolerance 
, 
"'''' 
-.4"4- -1.(40 .1UOl: -.4"L3 .886 
ZT13 -.154a -.258 .800 -.069 .200 
ZT14 -.358a -1.429 .175 -.357 .996 
ZT15 -.1408 -.346 .734 -.092 .433 
2 ZT13 -.090" -.1S0 .875 -.044 .199 
ZT14 .427b .551 .591 .151 .103 
ZT15 -.055b -.143 .888 -.040 .426 
3 ~ T 1 4 4 .499c .597 .561 .170 9.50SE-02 
ZT15 .208c .086 .933 .025 1.166E-02 
4 £T15 
.211" .085 .934 .025 1.16SE-02 
a. Predictors in the Model: (Constant), Zscore(T1) 
b. Predictors in the Model: (Constant), Zscore(T1), ZT12 
c. Predictors in the Model: (Constant). Zscore(T1), ZT12. ZT13 
d. Predictors in the Model: (Constant). Zscore(T1). ZT12, ZT13. ZT14 
e. Dependent Variable: Zscore(01) 
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Appendix G 
Regression analysis of companies at stage 2 
Model Summary 
Std. Error 
of the Adjusted 
Model R R Square R Square Estimate 
1 
2 
3 
4 
5 
.212· .04:' - . U : ' ! ~ ~ 1.U141t)!)O 
.346b .120 -.027 1.0132484 
.387c .150 -.082 1.0401252 
.404d 
.164 -.171 1.0821285 
.4078 .166 -.297 1.1390618 
a. Predictors: (Constant), Zscore(T2) 
b. Predictors: (Constant), Zscore(T2), ZT22 
c. Predictors: (Constant), Zscore(T2), ZT22, ZT23 
d. Predictors: (Constant), Zscore(T2), ZT22, ZT23, ZT24 
e. Predictors: (Constant), Zscore(T2), ZT22, ZT23, ZT24, 
ZT25 
ANOVIl 
Sum of Mean 
Model ~ u a r e s s df Square 
1 
2 
3 
14 
~ ~
Kegresslon .t):.!!1 1 .t):.!!:1 
Residual 13.371 13 1.029 
Total 14.000 14 
RegreSSion 1.680 2 .840 
Residual 12.320 12 1.027 
Total 14.000 14 
RegreSSion 2.100 3 .700 
Residual 11.900 11 1.082 
Total 14.000 14 
RegreSSIOn 2.290 4 .572 
Residual 11.710 10 1.171 
Total 14.000 14 
RegreSSion 2.323 5 .465 
Residual 11.677 9 1.297 
Total 14.000 14 
a. Predictors: (Constant), Zscore(T2) 
b. Predictors: (Constant), Zscore(T2), ZT22 
c. Predictors: (Constant), Zscore(T2), ZT22, ZT23 
d. Predictors: (Constant), Zscore(T2), ZT22, ZT23, ZT24 
e. Predictors: (Constant), Zscore(T2). ZT22. ZT23. ZT24 , ZT25 
f. Dependent Variable: Zscore(02) 
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F Sig. 
.t)l:.! . 4 4 ~ a a
.818 .464° 
.647 .601c 
.489 .744u 
.358 .8658 
Appendix G Appendix G 
Coefficienfsll 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
1 ,\.;onstant} 
-L.!Stst:-10 .;;lo;;l .UUU 1.UUU 
Zscore(T2) 
-.212 .271 -.212 -.782 .448 
2 (Gonstant) 
-.296 .392 -.754 .466 
Zscore(T2) 
-.167 .274 -.167 -.609 .554 
ZT22 
.317 .313 .278 1.012 .332 
;j (Constant, 
-.242 .412 -.588 .569 
Zscore(T2) 
.129 .553 .129 .234 .819 
ZT22 
.234 .348 .205 .671 .516 
ZT23 
-.181 .291 -.361 -.623 .546 
4 (Gonstant) 
-1.88E-02 .700 -.027 .979 
Zscore(T2) 2.379E-02 .632 .024 .038 .971 
ZT22 
-.328 1.440 -.288 -.228 .824 
ZT23 
-8.25E-02 .389 -.164 -.212 .836 
ZT24 
.198 .491 .564 .403 .695 
::I (constant} 
-3.23E-02 .742 -.044 .966 
Zscore(T2) 
-.139 1.219 -.139 -.114 .912 
ZT22 
-.255 1.585 -.223 -.161 .876 
ZT23 
.218 1.930 .433 .113 .913 
ZT24 
.149 . .602 .424 .247 .811 
ZT25 
-9.37E-02 .588 -.523 -.159 .877 
a. Dependent Variable: Zscore(02) 
Excluded VariableS' 
Collinearit 
Partial ..y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 LIU .278- . 1.012 .;j;j;;l .LOU .l;I(4 
ZT23 -.51Q8 -.976 .348 -.271 .270 
ZT24 .32ga 1.193 .256 .326 .937 
ZT25 
-.4318 -1.124 .283 -.309 .491 
:l. ZT2J 
-.361° -.623 .546 -.185 .230 
ZT24 .751b .722 .485 .213 7.062E-02 
ZT25 -.313b -.680 .510 -.201 .364 
3 ZT24 .564c .403 .695 .127 4.271E-02 
ZT25 -.94OC -.350 .733 -.110 1.167E-02 
4 ZT25 
-.523° -.159 .877 -.053 S.58SE-03 
a. Predictors in the Model: (Constant). Zscore(T2) 
b. Predictors in the Model: (Constant). Zscore(T2). ZT22 
c. Predictors in the Model: (Constant). Zscore(T2). ZT22. ZT23 
d. Predictors in the Model: (Constant). Zscore(T2). ZT22. ZT23, ZT24 
e. Dependent Variable: Zscore(02) 
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Appendix H 
Regression analysis of companies at stage 3 
Model Summary 
Std. Error 
of the Adjusted 
Model R R Square R Square Estimate 
1 
2 
3 
4 
5 
.511" 
.'"'01 .222 .oo,",ut:nl:l 
.519b 
.270 .188 .9008358 
. 524c 
.274 .146 .9238678 
.552d 
.305 .131 .9321133 
.5668 .320 .094 .9519647 
a Predictors: (Constant). Zscore(T3) 
b. Predictors: (Constant). Zscore(T3). ZT32 
C. Predictors: (Constant). Zscore(T3). ZT32, ZT33 
d. Predictors: (Constant), Zscore(T3). ZT32, ZT33, ZT34 
e. Predictors: (Constant). Zscore(T3). ZT32, ZT33. ZT34, 
ZT35 
ANOVN 
Sum of Mean 
Model Squares df Square 
.1 KegresstOn ~ . 2 ' 7 7 1 5.217 
Residual 14.783 19 .778 
Total 20.000 20 
2 t-<egresslon 5.393 2 2.696 
Residual 14.607 18 .612 
Total 20.000 20 
3 RegressIOn 5.490 3 1.830 
Residual 14.510 17 .854 
Total 20.000 20 
4 KegresslOn 6.099 4 1.525 
Residual 13.901 16 .869 
Total 20.000 20 
5 RegressIOn 6.406 5 1.281 
Residual 13.594 15 .906 
Total 20.000 20 
a. Predictors: (Constant). Zscore(T3) 
b. Predictors: (Constant), Zscore(T3). ZT32 
C. Predictors: (Constant). Zscore(T3). ZT32. ZT33 
d. Predictors: (Constant). Zscore(T3). ZT32, ZT33. ZT34 
e. Predictors: (Constant). Zscore(T3). ZT32. ZT33. ZT34. ZT35 
f. Dependent Variable: Zscore(03) 
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Appendix H 
F Sig. 
t)JU6 
.016" 
3.323 .059D 
2.144 .132c 
1.755 .1870 
1.414 .275e 
Appendix H 
Appendix H 
CoefficienfsB 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Si9· 1 \\.,onSliiIOlj 
-:'.;H C-l 0 . 1 ~ l l .000 1.UUU 
Zscore(T3) 
.511 .197 .511 2.590 .018 
2 (constant) 
-7.38E-02 .253 -.292 .773 
Zscore(T3) 
.454 .235 .454 1.933 .069 
ZT32 7.752E-02 .167 .109 .465 .647 
;j (Constant) 
-5.95E-02 .263 -.227 .824 
Zscore(T3) 
.612 .526 .612 1.163 .261 
ZT32 
.107 .192 .150 .557 .585 
ZT33 
-6.09E-02 .180 -.195 -.337 .740 
4 (constant) 
-.215 .324 -.665 .516 
Zscore(T3) 
.505 .546 .505 .925 .369 
ZT32 
.725 .763 1.022 .950 .356 
ZT33 3.732E-02 .217 .120 .172 .865 
ZT34 
-.179 .214 -1.043 -.837 .415 
5 (Constant) 
-.194 .333 -.583 .569 
Zscore(T3) 
.210 .754 .210 .278 .785 
ZT32 
.449 .912 .633 .492 .630 
ZT33 
.503 .829 1.615 .607 .553 
ZT34 
-6.65E-02 .291 -.388 -.229 .822 
ZT35 
-.118 .202 -1.483 -.583 .569 
a. Dependent Variable: Zscore(03) 
Excluded Variablese 
Collinearit 
Partial y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 L.loJ" .1 Ulf'" .40::1 .647 .109 .734 
ZT33 -.05oa -.098 .923 -.023 .160 
ZT34 
.0568 .220 .828 .052 .634 
ZT35 -.08SS -.227 .823 -.054 .267 
2 ZT33 -.195D -.337 .740 -.082 .127 
ZT34 -.926b -.911 .375 -.216 3.961E-02 
ZT35 -.29Qb -.596 .559 -.143 .178 
3 ZT34 -1.043c 
-.837 .415 -.205 2.799E-02 
ZT35 -1.86SC -1.010 .328 -.245 1.245E-02 
4 ZT35 -1.483" -.583 .569 -.149 6.994E-03 
a. Predictors in the Model: (Constant). Zscore(T3) 
b. Predictors in the Model: (Constant). Zscore(T3). ZT32 
c. Predictors in the Model: (Constant). Zscore(T3). ZT32. ZT33 
d. Predictors in the Model: (Constant). Zscore(T3). ZT32. ZT33. ZT34 
e. Dependent Variable: Zscore(03) 
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Appendix I 
Regression analysis of companies at stage 1 (no outliers) 
Variables EnteredlRemovecP 
Variables Variables 
MOdel Entered Removed Method 
1 ~ r e ( 1 1 Enter 1)-
2 ZT12" Enter 
3 ZT138 Enter 
4 ZT14- Enter 
5 ZT1SB Enter 
a. All requested variables entered. 
b. Dependent Variable: Zscore(01) 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square R Square Estimate 
1 
.uutI- .000 -.Ut ( 1.0377313 
2 
.523b .274 .153 .9204823 
3 
.524c .275 .077 .9607574 
4 
.581d .337 .072 .9632760 
5 
.581 e .338 -.030 1.0148478 
a. Predictors: (Constant). Zscore(T1) 
b. Predictors: (Constant). Zscore(T1). ZT12 
c. Predictors: (Constant). Zscore(T1). ZT12. ZT13 
d. Predictors: (Constant). Zscore(T1). ZT12. ZT13. ZT14 
e. Predictors: (Constant). Zscore(T1). ZT12. ZT13. ZT14. 
ZT15 
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Appendix I 
ANOV/li 
Sum of Mean 
MOdel Squares df Square 
1 
2 
:3 
4 
b 
Kegresslon 4.l7BE-04 1 4.111:It:-U4 
Residual 14.000 13 1.077 
Total 14.000 14 
Regression 3.833 2 1.916 
Residual 10.167 12 .847 
Total 14.000 14 
RegressIOn 3.646 3 1.282 
Residual 10.154 11 .923 
Total 14.000 14 
RegressIOn 4.721 4 1.180 
Residual 9.279 10 .928 
Total 14.000 14 
RegreSSion 4.731 5 .946 
Residual 9.269 9 1.030 
Total 14.000 14 
a. Predictors: (Constant), Zscore(T1) 
b. Predictors: (Constant). Zscore(T1), ZT12 
c. Predictors: (Constant). Zscore(T1). ZT12, ZT13 
d. Predictors: (Constant), Zscore(T1), ZT12, ZT13, ZT14 
e. Predictors: (Constant), Zscore(T1), ZT12, ZT13, ZT14. ZT15 
f. Dependent Variable: Zscore(01) 
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Appendix I 
F Sig. 
.000 .!:Itl4'" 
2.262 .147D 
1.389 .298c 
1.272 .344° 
.919 .511e 
Appendix I 
Appendix I 
CoefficientS' 
Standardi 
zed 
Un standardized Coefficien 
Coefficief'lts ts 
Model B Std. Error Beta t Sig. 
1 (l,;onSlant] 
-5.67E-16 ."tlt) .uuu 1.UOU 
Zscore(T1) 
-5. 84E-03 .277 -.006 -.021 .984 
2 (Constant) 
.615 .374 1.643 .126 
Zscore(T1) 
-.150 .255 -.150 -.586 .569 
ZT12 
-.659 .310 -.543 -2.127 . 0 ~ . 3 3
3 (Constant) 
.618 .392 1.579 .143 
Zscore(T1) 
-8.57E-02 .586 -.086 -.146 .886 
ZT12 
-.671 .339 -.553 -1.980 .073 
ZT13 
-4. 14E-02 .338 -.074 -.122 .905 
4 (Constant) 
.982 .543 1.809 .101 
Zscore(T1) 
-.115 .588 -.115 -.195 .849 
ZT12 
-1.723 1.136 -1.419 -1.517 .160 
ZT13 2.873E-02 .346 .052 .083 .935 
ZT14 
.420 .433 .943 .971 .355 
5 (Constam) 
.955 .635 1.505 .167 
Zscore(T1) 
-.225 1.289 -.225 -.174 .865 
ZT12 
-1.639 1.479 -1.350 -1.108 .297 
ZT13 
.217 1.964 .390 .110 .915 
ZT14 
.382 .599 .858 .638 .539 
ZT15 
-B.18E-02 .635 -.259 -.097 .925 
a. Dependent Variable: Zscore(01) 
Excluded Varia blest' 
Collinearit 
Partial .1.. Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 L11" -.543" -2.127 .000 ~ . 5 2 3 3 . ~ ; , u u
ZT13 .287- .444 .665 .127 .197 
ZT14 -.455- -1.845 .126 -.429 .890 
ZT15 .175- .380 .711 .109 .388 
2 ZT13 -.074° -.122 .905 -.037 .179 
ZT14 .926b 1.022 .329 .295 7. 340E-02 
ZT15 -.123b -.282 .783 -.085 .344 
3 ZT14 .943c .971 .355 .293 7.021E-02 
ZT15 -1.360" -.693 .504 -.214 1.797E-02 
4 ZT15 -.25ga -.097 .925 -.032 1.041E-02 
a. Predictors in the Model: (Constant). Zscore(T1) 
b. Predictors in the Model: (Constant). Zscore(T1), ZT12 
c. Predictors in the Model: (Constant), Zscore(T1), ZT12, ZT13 
d. Predictors in the Model: (Constant), Zscore(T1), ZT12, ZT13, ZT14 
e. Dependent Variable: Zscore(01) 
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AppendixJ 
Regression analysis of companies at stage 2 (no outliers) 
Variables Entered/Removed' 
Variables Variables 
Model Entered Removed Method 
1 ZSCOre(T Enter 2)8 
2 ZT22'1 Enter 
3 ZT23B Enter 
4 ZT248 Enter 
5 ZT258 Enter 
a. All requested variables entered. 
b. Dependent Variable: Zscore(02) 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square R Square Estimate 
1 AOlJB"" .160 .054 . ~ : : . { , u : : . ( (
2 .S88b .346 .215 .8862112 
3 .500c .356 .141 .9269601 
4 .64()d .409 .114 .9411854 
5 .640e .410 -.012 1.0060885 
a. Predictors: (Constant), Zscore(T2) 
b. Predictors: (Constant), Zscore(T2), ZT22 
C. Predictors: (Constant), Zscore(T2), ZT22, ZT23 
d. Predictors: (Constant), Zscore(T2), ZT22, ZT23, ZT24 
e. Predictors: (Constant), Zscore(T2), ZT22. ZT23, ZT24. 
ZT25 
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Appendix J 
ANOVN 
Sum of Mean 
Model Squares df Square 
1 
2 
3 
4 
5 
Kegresslon 1.l:IO!l 1 1.!Ul 
Residual 10.079 11 .916 
Total 12.000 12 
Regression 4.146 2 2.073 
Residual 7.854 10 .785 
Total 12.000 12 
RegressIon 4.267 3 1.422 
Residual 7.733 9 .859 
Total 12.000 12 
Regression 4.913 4 1.228 
Residual 7.087 8 .886 
Total 12.000 12 
Hegresslon 4.915 5 .983 
Residual 7.085 7 1.012 
Total 12.000 12 
a. Predidors: (Constant), Zscore(T2) 
b. Predictors: (Constant). Zscore(T2). ZT22 
c. Predidors: (Constant), Zscore(T2), ZT22, ZT23 
d. Predidors: (Constant), Zsc:ore(T2). ZT22. ZT23. ZT24 
e. Predictors: (Constant). Zscore(T2). ZT22, ZT23. ZT24, ZT25 
f. Dependent Variable: Zscore(02) 
ZII 
Appendix J 
F Sig. 
L.Ul:If .175a 
2.640 .120D 
1.655 .245c 
1.387 .321° 
.971 .4958 
Appendix} 
Appendix} 
Coefficients" 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error geta t Sig. 
1 tvonStant} UJ041:-n, . 4 ! t : i ~ ~ .uw 1.UUU 
Zscore(T2) 
-.400 .276 -.400 -1.448 .175 
2 ( (;onstant) 
-.471 .372 -1.264 .235 
Zscore(T2) 
-.453 .258 -.453 -1.757 .109 
ZT22 
.510 .303 .434 1.683 .123 
3 «(;onstant) 
-.433 .402 -1.077 .310 
Zscore(T2) 
-.253 .598 -.253 -.423 .682 
ZT22 
.482 .326 .410 1.478 .174 
ZT23 
-.120 .319 -.222 -.374 .717 
4 (Constant) 
-2.53E-02 .628 -.040 .969 
Zscore(T2) 
-.257 .607 -.257 -.423 .683 
ZT22 
-.674 1.393 -.574 -.484 .641 
ZT23 
-6.99E-02 .329 -.130 -.212 .837 
ZT24 
.431 .504 1.015 .854 .418 
:, (Constant) 
-2.58E-02 .672 -.038 .970 
Zscore(T2) 
-.293 1.254 -.293 -.234 .822 
ZT22 
-.679 1.494 -.577 -.454 .663 
ZT23 
-1.50E-03 2.067 -.003 -.001 .999 
ZT24 
.431 .539 1.014 .799 .450 
ZT25 
-2.20E-02 .654 -.097 -.034 .974 
a. Dependent Variable: Zscore(02) 
Excluded Variablese 
Collinearit 
Partial ''{ Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 LI" .4;j4" 1.003 . 1 ~ ; : S S .4(U . ~ o : ; , ,
ZT23 
-.4268 -.698 .501 -.216 .215 
ZT24 .4768 1.922 .083 .519 .998 
ZT25 
-.3538 -.783 .452 -.240 .389 
2 LI:.!3 
-.222" -.374 .717 -.124 .203 
ZT24 1.05gb .958 .363 .304 5.403E-02 
ZT25 -.168b -.376 .716 -.124 .357 
;j ZT24 1.015c .854 .418 .269 5.234E-02 
ZT25 -.10Se -.037 .971 -.013 1.004E-02 
4 ZT25 
-.097" -.034 .974 -.013 1.004E-02 
a. Predictors in the Model: (Constant). Zscore(T2) 
b. Predictors in the Model: (Constant). Zscore(T2). ZT22 
c. Predictors in the Model: (Constant). Zscore(T2). ZT22. ZT23 
d. Predictors in the Model: (Constant). Zscore(T2). ZT22. ZT23. ZT24 
e. Dependent Variable Zscore(02) 
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Appendix K 
Regression analysis of companies at stage 3 (no outliers) 
Variables EnteredlRemoved' 
Variables Variables 
Model Entered Removed Method 
1 ~ C O r e ( 1 1 Enter 3t 
2 ZT321 Enter 
3 ZT3JB Enter 
4 ZT348 Enter 
5 ZT3SS Enter 
a. All requested variables entered. 
b. Dependent Variable: Zscore(03) 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square RSquare Estimate 
1 . ~ I l " " .34!t) . 4 ! ~ 1 1
2 
.580b .336 .263 .8586603 
3 .58OC .337 .220 .8834318 
4 
.60ad .370 .212 .8876629 
5 .6108 .372 .163 .9148774 
a. Predictors: (Constant). Zscore(T3) 
b. Predictors: (Constant). Zscore(T3). ZT32 
c. Predictors: (Constant). Zscore(T3). ZT32. ZT33 
d. Predictors: (Constant). Zscore(T3). ZT32. ZT33. ZT34 
e. Predictors: (Constant). Zscore(T3). ZT32. ZT33. ZT34. 
ZT35 
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Appendix K 
ANOVIf 
Sum of Mean 
Model Squares df Square 
1 
2 
3 
4 
l) 
Kegresslon 6.528 , 6 ~ 5 2 a a
Residual 13.472 19 .709 
Total 20.000 20 
RegressIon 6.729 2 3.364 
Residual 13.271 18 .737 
Total 20.000 20 
RegressIOn 6.732 3 2.244 
Residual 13.268 17 .780 
Total 20.000 20 
RegreSSIOn 7.393 4 1.848 
Residual 12.607 16 .788 
Total 20.000 20 
RegreSSIon 7.445 5 1.489 
Residual 12.555 15 .837 
Total 20.000 20 
a. Predictors: (Constant), Zscore(T3) 
b. Predictors: (Constant), Zscore(T3). ZT32 
c. Predictors: (Constant). Zscore(T3). ZT32. ZT33 
d. Predictors: (Constant). Zscore(T3), ZT32, ZT33, ZT34 
e. Predictors: (Constant), Zscore(T3), ZT32, ZT33, ZT34, ZT35 
f. Dependent Variable: Zscore(03) 
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F Sig. 
9.2W -:mJ7lI 
4.563 .0251> 
2.875 .DB7c 
2.346 .Ogga 
1.779 .178e 
Appendix K 
Appendix K 
Coefficients" 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Si9· 
1 \vonstant} 
-3.:>3E-16 .104 .uuu I.UUU 
Zscore(T3) 
.571 .188 .571 3.034 .007 
2 (t.;onstant) 
-7.89E-02 .241 -.328 .747 
Zscore(T3) 
.511 .224 .511 2.281 .035 
ZT32 8.286E-02 .159 .117 .5;'..:: .608 
3 (t.;onstant) ~ 7 . 6 1 E - 0 2 2 .251 -.303 .765 
Zscore(T3) 
.542 .503 .542 1.076 .297 
ZT32 8.854E-02 .183 .125 .483 .635 
ZT33 
-1.18E-02 .173 -.038 -.069 .946 
4 (constant) 
-.238 .308 -.773 .451 
Zscore(T3) 
.431 .520 .431 .828 .420 
ZT32 
.732 .727 1.033 1.008 .329 
ZT33 9.045E-02 .206 .290 .438 .667 
ZT34 
-.186 .203 -1.086 -.916 .373 
5 (Constant) 
-.229 .320 -.718 .484 
Zscore(T3) 
.309 .725 .309 .426 .676 
ZT32 .619 .876 .872 .706 .491 
ZT33 
.282 .797 .905 .354 .728 
ZT34 
-.140 .280 -.81'7 -.501 .624 
ZT35 
-4.B4E-02 .194 -.610 -.250 .80S 
a. Dependent Variable: Zscore(03) 
Excluded Variablesi' 
CoUinearit 
Partial Y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 £ I ~ " " .11 flO 
.:1"" .1:)05 .1a J;s4 
ZT33 .0838 .171 .866 .040 .160 
ZT34 
.0728 .295 .771 .069 .S34 
ZT35 .0258 .066 .948 .016 .267 
2 ZT33 -.038D -.069 .946 -.017 .127 
ZT34 -.805b -.827 .420 -.197 3.961E-02 
ZT35 -.130b -.279 .784 -.068 .178 
3 ZI34 -1.08SC -.916 .373 -.223 2. 799E-02 
ZT35 -1.421c -.794 .439 -.195 1.24SE-02 
4 Z' 3:1 -.610" -.250 .806 -.064 6.994E-03 
a. Predictors in the Model: (Constant), Zscore(T3) 
b. Predictors in the Model: (Constant), Zscore(T3), ZT32 
c. Predictors in the Moder: (Constant), Zscore(T3), ZT32, ZT33 
d. Predictors in the Moder: (Constant), Zscore(T3), ZT32, ZT33, ZT34 
e. Oependent Variable: Zscore(03) 
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Regression analysis of standardized 0-T values 
(49 data points - no outliers) 
Regression 
Variables EnteredJRemovecf 
Variables Variables 
Model Entered Removed Method 
I ZT" t::nter 
2 ZTlB Enter 
3 ZTJII Enter 
4 ZT46 Enter 
5 ZTSI' Enter 
a. All requested variables entered. 
b. Dependent Variable: ZO 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square R Square Estimate 
1 . t ) ~ 7 · · .431 .41l:1 .1)1)40 
2 .661b .437 .413 .6683 
3 .670c .449 .413 .6683 
4 .674d .454 .404 .6734 
5 .674e .454 .390 .6811 
a. Predictors: (Constant), ZT 
b. Predictors: (Constant), ZT, ZT2 
C. Predictors: (Constant), ZT, ZT2, ZT3 
d. Predictors: (Constant), ZT, ZT2, ZT3, ZT4 
e. Predictors: (Constant), ZT, ZT2, ZT3, ZT4, ZT5 
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Appendix L 
ANOVN 
Sum of 
Model Squares df 
1 
2 
;j 
4 
5 
Kegresslon 1!1.754 1 
Residual 20.759 47 
Total 36.513 48 
Regression 15.968 2 
Residual 20.545 46 
Total 36.513 48 
Regression 16.413 3 
Residual 20.100 45 
Total 36.513 48 
Regression 16.562 4 
Residual 19.950 44 
Total 36.513 48 
RegreSSion 16.566 5 
Residual 19.947 43 
Total 36.513 48 
a. Predictors: (Constant), ZT 
b. Predictors: (Constant), ZT, ZT2 
c. Predictors: (Constant), ·ZT, ZT2, ZT3 
d. Predictors: (Constant), ZT, ZT2, ZT3, ZT4 
e. Predictors: (Constant), ZT, ZT2, ZT3, ZT4, ZT5 
f. Dependent Variable: ZO 
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Mean 
Square F 8ig. 
15.754 35.667 .000" 
.442 
7.984 17.875 .0000 
.447 
5.471 12.248 .OOoc 
.447 
4.141 9.132 .0000 
.453 
3.313 7.142 .oooe 
.464 
Appendix L Appendix L 
Coefficientr 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model 8 Std. Error Beta t Si9· 
I \I",onstant) 
-1.20E-02 .095 -.l:.!b .900 
ZT 
.576 .097 .657 5.972 .000 
<! (Constant) 
-7. 79E-02 .135 -.577 .567 
ZT 
.569 .098 .649 5.835 .000 
Z..2 6.825E-02 .099 .077 .692 .492 
J ((.;onstant) 
-3.75E-02 .141 -.266 .791 
ZT 
.393 .202 .447 1.942 .058 
ZT2 2.177E-Q2 .109 .025 .200 .843 
ZT3 9.336E-02 .094 .240 .998 .324 
4 (Constant) 
-.103 .182 -.567 .574 
ZT 
.345 .220 .393 1.569 .124 
ZT2 
.211 .346 .237 .608 .546 
ZT3 
.132 .116 .339 1.141 .260 
ZT4 -6.39E-Q2 .111 -.252 -.575 .568 
5 (Constant) 
-.100 .189 -.529 .599 
ZT .319 .382 .364 .835 .408 
ZT2 
.198 .380 .224 .523 .604 
ZT3 
.172 .492 .442 .349 .729 
ZT4 
-5.73E-02 .138 -.226 -.416 .679 
ZT5 
-1.08E-02 .130 -.088 -.083 .934 
a. Dependent Variable: ZO 
Excluded Variablese 
Collinearit 
Partial _y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 LI:.! 
.077" .692 .492 .102 .989 
ZT3 .261 8 1.211 .232 .176 .258 
ZT4 .0788 .690 .494 .101 .955 
ZT5 .1768 1.128 .265 .164 .496 
2 ZT3 .240D .998 .324 .147 .211 
ZT4 .037b .104 .917 .016 9.740E-02 
ZT5 .164b .885 .381 .131 .360 
3 ZT4 
-.252C -.575 .568 -.086 6.474E-02 
ZT5 
-.343c -.400 .691 -.060 1.692E-02 
4 Llo 
-.0880 -.083 .934 -.013 1.129E-02 
a. Predictors in the Model: (Constant), ZT 
b. Predictors in the Model: (Constant), ZT, ZT2 
c. Predictors in the Model: (Constant), ZT, ZT2, ZT3 
d. Predictors in the Model: (Constant), ZT, ZT2, ZT3, ZT4 
e. Dependent Variable: ZO 
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Regression Analysis of type 'none' 
Regression 
Variables Entered/Removecf 
Variables Variables 
Model Entered Removed Method 
1 L S C O r e ( ~ ~
Enter ONE_na 
2 ZNONE 
T2a - Enter 
3 ZNONE 
T3
a - Enter 
4 ZNONE 
T4
a - Enter 
5 ZNONE 
T5
a - Enter 
a. All requested variables entered. 
b. Dependent Variable: Zscore(NONE_O) 
Model Summary 
Adjusted 
Model R R Square R Square 
1 
.2768 .076 .015 
2 .2841: .080 -.051 
3 
.286c .082 -.130 
4 
.288d .083 -.223 
5 .288e .083 -.334 
a. Predictors: (Constant). Zscore(NONE_ n 
Std. Error 
of the 
Estimate 
1.0251723 
1.0630426 
1.1059262 
1.1549689 
b. Predictors: (Constant). Zscore(NONE_ n. ZNONE_ T2 
c. Predictors: (Constant). Zscore(NONE_ n. ZNONE_ T2. 
ZNONE_T3 
d. Predictors: (Constant). Zscore(NONE_ n. ZNONE_ T2. 
ZNONE_T3. ZNONE_T4 
e. Predictors: (Constant). Zscore(NONE_ T). ZNONE_ T2. 
ZNONE_T3. ZNONE_T4. ZNONE_T5 
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ANOVN 
Sum of Mean 
Model Squares df Square F 
1 
2 
3 
4 
15 
Kegresslon 1.219 1 1.219 1.237 
Residual 14.781 15 .985 
Total 16.000 16 
RegressIOn 1.286 2 .643 .612 
Residual 14.714 14 1.051 
Total 16.000 16 
Regression 1.309 3 .436 .386 
Residual 14.691 13 1.130 
Total 16.000 16 
Regression 1.323 4 .331 .270 
Residual 14.677 12 1.223 
Total 16.000 16 
RegresSIon 1.327 5 .265 .199 
Residual 14.673 11 1.334 
Total 16.000 16 
a. Predictors: (Constant), Zscore(NONE_T) 
b. Predictors: (Constant), Zscore(NONE_ T), ZNONE_ T2 
C. Predidors: (Constant), Zscore(NONE_ T), ZNONE_ T2, ZNONE_ T3 
d. Predictors: (Constant), Zscore(NONE_T), ZNONE_T2, ZNONE_T3, ZNONE34 
e. Predidors: (Constant). Zscore(NONE_ T), ZNONE_ T2, ZNONE_ T3, ZNONE_ T 4, 
ZNONE_TS 
f. Dependent Variable: Zscore(NONE_O) 
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Sig. 
.284" 
.556D 
.76Se 
.89fc:! 
.9S6e 
Appendix M Appendix M 
Coefficientsa 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
1 (lJonstant) 15.969E-16 .241 .UUU 1.UUU 
Zscore(NONE_ T) 
.276 .248 .276 1.112 .284 
2 «(.;onstant) 8.677E-02 .423 .205 .840 
Zscore(NONE_ T) 
.300 .273 .300 1.099 .290 
ZNONE_T2 
-9.22E-02 .363 -.069 -.254 .803 
~ ~ «(.;onstant) 9.652E-02 .444 .218 .831 
Zscore(NONE_ T) .198 .769 .198 .257 .801 
ZNONE_T2 -.121 .428 -.091 -.283 .782 
ZNONE_T3 7.263E-02 .510 .117 .142 .889 
4 (Constant) 
.134 .580 .231 .821 
Zscore(NONE_ T) 
.253 .953 .253 .266 .795 
ZNONE32 -.266 1.430 -.200 -.186 .855 
ZNONE_T3 1.706E-02 .744 .028 .023 .982 
ZNONE_T4 7.925E-D2 .743 .141 .107 .917 
:> (Constant) .134 .606 .222 .829 
Zscore(NONE_ T) .321 1.673 .321 .192 .851 
ZNONE_T2 -.234 1.625 -.176 -.144 .888 
ZNONE_T3 -.111 2.654 -.179 -.042 .967 
ZNONE_T4 5.069E-02 .961 .090 .053 .959 
ZNONE_T5 5.231E-02 1.038 .170 .050 .961 
a. Dependent Variable: Zscore(NONE_O) 
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Excluded Variablese 
Collinearit 
Partial y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 ~ , , . ~ _ I ; t t -.OOga -.254 .50;1 -.065 .883 
ZNONE_T3 .0068 .009 .993 .002 .134 
ZNONE_T4 -.0523 -.178 .861 -.047 .784 
ZNONE_T5 -.0038 -.007 .994 -.002 .323 
2 ZNONE_T3 .1171) 
.142 .889 .039 .104 
ZNONE_T4 .162b .179 I .861 .050 8.S84E-02 
ZNONE_TS .094b .164 .873 .045 .216 
3 ZNONE_T4 .141c .107 .917 .031 4.367E-02 
ZNONE_TS 
.275c .105 .918 .030 1.119E-02 
4 ZNONE_TS .1700 .050 .961 .015 7.303E-03 
a. Predictors in the Model: (Constant). Zscore(NONE_ T) 
b. Predictors in the Model: (Constant). Zscore(NONE_ T). ZNONE_ T2 
c. Predictors in the Model: (Constant). Zscore(NONE_ T). ZNONE_ T2. ZNONE_ T3 
d. Predictors in the Model: (Constant). Zscore(NONE_T). ZNONE_T2. ZNONE_T3. 
ZNONE_T4 
e. Dependent Variable: Zscore(NONE_O) 
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Appendix N 
Regression Analysis of type 'ISO' 
Regression 
Variables EnteredlRemovecP 
Variables Variables 
Model Entered Removed Method 
1 LSCOre{llS Enter o_rt 
2 ZISO_T2I Enter 
3 ZISO_T3I Enter 
4 ZISO_T4I Enter 
5 ZISO_TBI Enter 
a. A" requested variables entered. 
b. Dependent Variable: Zscore(ISO_O) 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square R Square Estimate 
1 
2 
3 
4 
5 
.4U1" .1tSl .U:'I) .l:lf 14;,00 
.531b .282 .076 .9610875 
.578c .334 .001 .9992958 
.600d .360 -.152 1.0732631 
.696e .484 -.162 1.0777638 
a. Predictors: (Constant), Zscore(ISO_T) 
b. Predictors: (Constant), Zscore(ISO_T), ZISO_T2 
c. Predictors: (Constant), Zscore(ISO _ T), ZISO _ T2, 
ZIS033 
. d. Predictors: (Constant), Zscore(ISO_T), ZiSO_T2, 
ZISO_T3, ZISO_T4 
e. Predictors: (Constant), Zscore(ISO _ T), ZISO _ T2, 
ZIs033, ZISO_T4, ZISO_T5 
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Appendix N 
ANOVN 
Sum of Mean 
Model Squares df Square F 
1 
2 
3 
4 
5 
Kegresslon 1.4:'U 1 1.4:'U 1.:';J{ 
Residual 7.550 8 .944 
Total 9.000 9 
RegressIon 2.534 2 1.267 1.372 
Residual 6.466 7 .924 
Total 9.000 9 
RegreSSIon 3.008 3 1.003 1.004 
Residual 5.992 6 .999 
Total 9.000 9 
RegressIon 3.241 4 .810 .703 
Residual 5.759 5 1.152 
Total 9.000 9 
RegreSSIon 4.354 5 .871 .750 
Residual 4.646 4 1.162 
Total 9.000 9 
a. Predictors: (Constant). Zscore(ISO_T) 
b. Predictors: (Constant). Zscore(ISO_T). ZISO_T2 
c. Predictors: (Constant). Zscore(ISO_T). ZISO_T2. ZISO_T3 
d. Predictors: (Constant). Zscore(ISO_T). ZISO_T2. ZISO_T3. ZISO_T4 
e. Predictors: (Constant). Zscore(ISO_T). ZISO_T2. ZISO_T3. ZISO_T4. ZISO_T5 
f. Dependent Variable: Zscore(ISO_O) 
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Sig. 
.250" 
.314° 
.453c 
.622a 
.627e 
Appendix N Appendix N 
Coefficient;s'l 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
1 { I.;onstant} 
-2.12E-16 .307 .000 T.OOlY 
Zscore(ISO _ T) 
.401 .324 .401 1.240 .250 
2 (Constant) 
-.583 .618 -.943 .377 
Zscore(ISO _ T) 
.539 .345 .539 1.564 .162 
ZISO_T2 
.647 .598 .373 1.083 .315 
3 (Constant) 
-.355 .722 -.492 .641 
Zscore(/SO _ T) 1.307 1.171 1.307 1.116 .307 
ZISO_T2 
.247 .850 .143 .291 .781 
ZISO_T3 
-.692 1.005 -.909 -.689 .516 
4 (constant) 
-.707 1.102 -.641 .550 
Zscore(ISO _ T) 1.309 1.258 1.309 1.041 .346 
ZISO_T2 1.537 3.014 .886 .510 .632 
ZISO_T3 -.851 1.136 -1.118 -.750 .487 
ZISO_T4 
-.757 1.685 -.892 -.449 .672 
5 (constant) 
.881 1.964 .449 .677 
Zscore(ISO_ T) 4.771 3.756 4.771 1.270 .273 
ZISO_T2 
-3.323 5.815 -1.916 -.572 .598 
ZISO_T3 
-8.334 7.728 -10.944 -1.078 .342 
ZISO_T4 2.359 3.605 2.781 .654 .549 
ZISO T5 3.770 3.851 7.729 .979 .383 
a. Dependent Variable: Zscore(ISO_O) 
Excluded Variables" 
Collinearit 
Partial y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 Lll:IU_1 ~ ~ .373D 1.01:13 ~ 3 f 5 5 .379 .865 
ZISO_T3 -1.171a -1.303 .234 -.442 .119 
ZISO_T4 .376a .988 .356 .350 .725 
ZIS035 -.6748 -1.067 .321 -.374 .259 
2 ZISO_T3 -.90go -.689 .516 -.271 6.373E-02 
ZISO_T4 -.427b -.235 .822 -.096 3.590E-02 
ZISO_T5 -.384b -.407 .698 -.164 .131 
3 ZISO_T4 -.89ZC -.449 .672 -.197 3.241E-02 
ZISO_T5 3.167c .908 .406 .376 9.391E-03 
4 ZISO .. T5 7.72ea .979 .383 .440 2.071E-03 
a. Predictors in the Model: (Constant), Zscore(ISO_T) 
b. Predictors in the Model: (Constant), Zscore(ISO_T), ZISO_T2 
C. Predictors in the Model: (Constant), Zscore(ISO_ T), ZISO_ T2, ZISO_ T3 
d. Predictors in the Model: (Constant). Zscore(ISO_T), ZISO_T2, ZISO_T3, ZISO_T4 
e. Dependent Variable: Zscore(ISO_O) 
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Appendix 0 
Regression Analysis of type 'TQM' 
Regression 
Variables EnteredlRemovecP 
Variables Variables 
Model Entered Removed Method 
1 L S C O r ~ J ' ' Enter QM3) 
2 ZTQM_T2I Enter 
3 ZTQM_T3' Enter 
4 ZTQM_T4' Enter 
5 ZTQM_TS' Enter 
a. All requested variables entered. 
b. Dependent Variable: Zscore(TQM_O) 
Model Summary 
Std. Error 
Adjusted of the 
Model R R Square RSquare Estimate 
1 .Oljl",- .4(ljI 
.4"0 . f ~ l l O O L L
2 .698b .487 .394 .7784789 
3 .698e .487 .334 .8163345 
4 .699d .488 .261 .8598827 
5 .710e 
.504 .193 .8981234 
a. Predictors: (Constant). Zscore(TQM_ T) 
b. Predictors: (Constant). Zscore(TQM_ T). ZTQM_ T2 
c. Predictors: (Constant). Zscore(TQM_ T). ZTQM_ T2. 
ZTQM_T3 
d. Predictors: (Constant). Zscore(TQM_ T). ZTQM_ T2. 
ZTQM_T3. ZTQM_T4 
e. Predictors: (Constant). Zscore(TQM_ T). ZTQM_ T2. 
ZTQM_T3. ZTQM_T4. ZTQM35 
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A NOV/tl 
Sum of Mean 
Model Squares df Square F Sig. 
1 Kegresslon 6.229 1 6229 11.038 .uusa 
Residual 6.771 12 .564 
Total 13.000 13 
2 Regression 6.334 2 3.167 5.226 .0250 
Residual 6.666 11 .606 
Total 13.000 13 
3 Regression 6.336 3 2.112 3.169 .072e 
Residual 6.664 10 .666 
Total 13.000 13 
4 Regression 6.345 4 1.586 2.145 .15ta 
Residual 6.655 9 .739 
Total 13.000 13 
5 Regression 6.547 5 1.309 1.623 .258e 
Residual 6.453 8 .807 
Total 13.000 13 
a. Predictors: (Constant), Zscore(TOM_ T) 
b. Predictors: (Constant), Zscore(TOM_ T), ZTOM_ T2 
c. Predictors: (Constant), Zscore(TOM_ T), ZTOM_ T2, ZTOM33 
d. Predictors: (Constant), Zscore(TOM_T), ZTOM_T2, ZTOM_T3, ZTOM_T4 
e. Predictors: (Constant), Zscore(TOM_T), ZTOM_T2, ZTOM33, ZT9M_T4, ZTOM_T5 
f. Dependent Variable: Zscore(TOM_O) 
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Coefficients-
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
I (vonstant) - 3 . U ~ t : - l l ( .201 .uuo 1.000 
Zscore(TQM_ n .692 .208 .692 3.322 .006 
2 (Constant) -8.7SE-02 .296 -.296 .773 
Zscore(TQM_ n .665 .225 .665 2.951 .013 
ZTQM_T2 9.427E-02 .226 .094 .416 .685 
3 (Constant) -8.40E-02 .316 -.266 .796 
Zscore(TQM_ n 
.640 .483 .640 1.325 .215 
ZTQM_T2 8.641E-02 .273 .086 .317 .758 
ZTQM_T3 1.408E-02 .240 .031 .059 .954 
4 (Constant) -.119 .453 -.262 .799 
Zscore(TQM_ n .605 .597 .605 1.014 .337 
ZTQM_T2 .193 .982 .192 .196 .849 
ZTQM_T3 4.433E-02 .368 .098 .120 .907 
ZTQM_T4 -4.03E-02 .357 -.135 -.113 .913 
5 (<.;onstant) ~ . 1 7 E - 0 2 2 .487 -.127 .902 
Zscore(TQM_ n .248 .949 .248 .261 .801 
ZTQM_T2 -.151 1.235 -.151 -.122 .906 
ZTQM33 .714 1.395 1.576 .512 .622 
ZTQM_T4 .160 .547 .534 .292 .778 
ZTQM_T5 -.222 .444 -1.486 -.500 .631 
a. Dependent Variable: Zscore(TQM_O) 
228 
Appendix 0 Appendix 0 
Excluded Variables'! 
Collinearit 
Partial y Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 LIUM_IL. 
.U94" .410 .685 .125 .918 
ZTQM_T3 
.1138 .257 .802 .077 .242 
ZTQM34 .0908 .381 .710 .114 .844 
ZTQM_T5 
.0688 .212 .836 .064 .457 
2 ZTQM_T3 
.031 D .059 .954 .019 .184 
ZTQM_T4 -.03()b -.039 .970 -.012 8.50SE-02 
ZTQM_TS 
-.021 b -.049 .962 -.015 .287 
3 ZTQM_T4 
-.135c -.113 .913 -.038 3.999E-02 
ZTQM_TS -.85QC -.443 .668 -.146 1.S13E-02 
4 ZTQM_TS 
-1.4860 -.500 .631 -.174 7.022E-03 
a. Predictors in the ModeJ: (Constant), Zscore(TQM_ T) 
b. Predictors in the Model: (Constant), Zscore(TQM_T). ZTQM_T2 
c. Predictors in the Model: (Constant). Zscore(TQM3). ZTQM_ T2. ZTQM_ T3 
d. Predictors in the Model: (Constant). Zscore(TQM_ T). ZTQM_ T2. ZTQM33. 
ZTQM_T4 
e. Dependent Variable: Zscore(TQM_O) 
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Appendix P 
Regression Analysis of type' BOTH' 
Regression 
Variables Entered/RemovecP 
Variables Variables 
Model Entered Removed Method 
1 LSCOre(!iI Enter OTH_T)8 
2 ZBOTH T 
2
8 - Enter 
3 ZBOTH T 
3
8 - Enter 
4 ZBOTH_T 
4
8 Enter 
5 ZBOTH T Enter 58 -
a. All requested variables entered. 
b. Dependent Variable: Zscore(BOTH_O) 
Model Summary 
Adjusted 
Model R R Square R Square 
1 .508" .259 .184 
2 .57gb .336 .188 
3 .583c .340 .092 
4 .592d .350 -.021 
5 .627e .394 -.112 
a. Predictors. (Constant). Zscore(BOTH_ T) 
Std. Error 
of the 
Estimate 
.J"","'''' 
.9011050 
.9528969 
1.0103436 
1.0544425 
b. Predictors: (Constant). Zscore(BOTH_T). ZBOTH32 
c. Predictors: (Constant). Zscore(BOTH_ T). ZBOTH_ T2. 
ZBOTH_T3 
d. Predictors: (Constant). Zscore(BOTH_T). ZBOTH_T2. 
ZBOTH_T3. ZBOTH_T4 
e. Predictors: (Constant). Zscore(BOTH_ T). ZBOTH_ T2. 
ZBOTH_T3. ZBOTH_T4. ZBOTH_T5 
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ANOVN 
Sum of Mean 
Model Squares df Square F Sig. 
1 Kegresslon 2.844 1 2.844 3.487 -.09'1 a 
Residual 8.156 10 .816 
Total 11.000 11 
2 Regression 3.692 2 1.846 2.273 .159" 
Residual 7.308 9 .812 
Total 11.000 11 
3 Regression 3.736 3 1.245 1.371 .319c 
Residual 7.264 8 .908 
Total 11.000 11 
4 Regression 3.854 4 .964 .944 .4920 
Residual 7.146 7 1.021 
Total 11.000 11 
:; Kegresslon 4.329 5 .866 .779 .S9ge 
Residual 6.671 6 1.112 
Total 11.000 11 
a. Predictors: (Constant). ZScore(BOTH_ T) 
b. Predictors: (Constant). Zscore(BOTH_ T). ZBOTH_ T2 
c. Predictors: (Constant). Zscore(BOTH_T). ZBOTH_T2. ZeOTH_T3 
d. Predictors: (Constant). Zscore(BOTH_T). ZeOTH_T2. ZeOTH_T3. ZeOTH_T4 
e. Predictors: (Constant). ZScore(BOTH_T). ZBOTH_T2. ZeOTH_T3. ZBOTH_T4. 
ZBOTH_TS 
1. Dependent Variable: Zscore(BOTH_O) 
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. Coefficientsll 
Standardi 
zed 
Unstandardized Coefficien 
Coefficients ts 
Model B Std. Error Beta t Sig. 
1 «(,;onStanI) 
-ts.ll:l/::-lo .Lol .uuu 1.UUU 
Zscore(BOTH_ n .508 .272 .508 1.867 .091 
2 (Constant) -.307 .397 -.772 .460 
Zscore(BOTH_ n .338 .319 .338 1.061 .316 
ZBOTH_T2 
.335 .328 .326 1.022 .334 
~ ~ (constant) -.370 .510 . -.727 .488 
Zscore(BOTH_ n .535 .957 .535 .559 .591 
ZBOTH_T2 .478 .736 .465 .649 .535 
ZBOTH_T3 -.145 .658 -.301 -.220 .832 
4 (Constant) -.335 .550 -.609 .562 
Zscore(BOTH_ T) .830 1.334 .830 .622 .554 
ZBOTH_T2 8.399E-02 1.394 .082 .060 .954 
ZBOTH_T3 -.527 1.322 -1.097 -.399 .702 
Z80TH_T4 .295 .866 .911 .341 .743 
5 (Constant) -.143 .645 -.222 .832 
Zscore(BOTH_ n .334 1.586 .334 .210 .840 
ZBOTH_T2 -1.106 2.331 -1.076 -.474 .652 
ZBOTH_T3 .542 2.140 1.127 .253 .809 
ZBOTH_T4 1.229 1.691 3.790 .727 .495 
ZBOTH T5 -.622 .953 -3.588 -.653 .538 
a. Dependent Variable: Zscore(80TH_O) 
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Excluded Variables" 
Collinearit 
Partial 'L Statistics 
Model Beta In t Sig. Correlation Tolerance 
1 
2 
3 
4 
LtiUIN_I-.t. 
.;j-.t.o" 1.ua .334 .322 .726 
ZBOTH_T3 
.4838 .775 .458 .250 .199 
ZBOTH34 .3628 .973 .356 .309 .540 
ZBOTH_T5 
.3438 .753 .471 .243 .372 
L ~ U I H _ T 3 3
-.301° -.220 .832 -.077 4.401E-02 
ZBOTH_T4 .0OOb 
.004 .997 .001 4.663E-02 
ZBOTH_T5 
-.226b -.234 .821 -.083 8.860E-02 
ZBOTH_14 .9Hc .341 .743 .128 1.300E-02 
ZBOTH_T5 -.215c -.076 .942 -.029 1.172E-02 
ZBUIH_T5 
-3.5880 -.653 .538 -.258 3.351E-03 
a. Predictors in the Model: (Constant), Zscore(BOTH_T) 
b. Predictors in the Model: (Constant). Zscore(BOTH_T), ZBOTH_T2 
c. Predictors in the Mode/: (Constant), Zscore(BOTH_ T). ZBOTH_ T2. ZBOTH_ T3 
d. Predictors in the Model: (Constant), Zscore(BOTH_T). ZBOTH_T2. ZBOTH_T3, 
ZBOTH_T4 
e. Dependent Variable: Zscore(BOTH_O) 
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Multiple comparisons of O-index for different types of quality systems 
Multiple Comparisons 
Dependent Variable' 0 
95% Confidence 
Mean 
Interval 
Difference Lower Upper 
(I) TYPE (J)TYPE (I-J) Std. Error Sig. Bound Bound 
IUKey DOm ISO 14.0167 6.214 .331 
-7.8262 "35:86f5 
HSD none 24.9461' 7.233 .006 5.7102 44.1619 
tqm 7.77313 7.547 .733 -12.2968 27.8444 
ISO DOth -14.01"7 8.214 .331 -35.8615 7.8282 
none 10.9294 7.645 .487 -9.4028 31.2617 
tqm -6.2429 7.943 .860 -27.3665 14.8808 
none both -24.9461' 7.233 .006 -44.1819 
-5.7102 
iso -10.9294 7.545 .487 -31.2617 9.4028 
tqm -17.1723 6.923 .076 -35.5851 1.2405 
-tqm both -7.7738 7.547 .733 -27.8444 12.2968 
iso 6.2429 7.943 .860 -14.8808 27.3665 
none 17.1723 6.923 .076 -1.2405 35.5851 
LSD both ISO 14.0167 8.214 
.094 -2.4900 30.5233 
none 24.9461' 7.233 .001 10.4109 
39.4813 
tqm 7.7738 7.547 .308 -7.3921 
22.9398 
ISO Doth -14.0167 8.214 .094 
-30.5233 2.4900 
none 10.9294 7.645 .159 -4.4343 
26.2931 
tqm -6.2429 7.943 .436 -22.2046 
9.7188 
none both -24.9461· 7.233 .001 
-39.4813 -10.4109 
iso -10.9294 7.645 .159 -26.2931 
4.4343 
tqm 
-
-17.1723· 6.923 .017 -31.0856 -3.2590 
tqm Doth -7.7738 7.547 .308 
-22.9398 7.3921 
iso 6.2429 7.943 .436 -9.7188 
22.2046 
none 17.1723- 6.923 .017 32590 
31.0856 
Gabnel both ISO 14.0167 8.214 
.436 -8.4310 36.4643 
none 24.9461' 7.233 .007 5.2331 
44.6590 
tqm 7.7738 7.547 .882 -12.8567 
28.4043 
ISO both -14.0167 8.214 .436 
-36.4643 8.4310 
none 10.9294 7.645 .625 -9.8060 
31.6648 
tqm -6.2429 7.943 .964 -27.8958 
15.4101 
none both -24.9461' 7.233 .007 
-44.6590 -5.2331 
iso -10.9294 7.645 .625 
-31.6648 9.8060 
tqm -17.1723 6.923 .093 
-36.0906 1.7460 
Tqm both -7.7738 7.547 .882 
-28.4043 12.8567 
iso 6.2429 7.943 .964 
-15.4101 27.8958 
none 17.1723 6.923 .093 
-1.7460 36.0906 
Hod1berg both ISO 14.0167 8.214 
.437 -8.4542 36.4876 
none 24.9461' 7.233 .007 
5.1589 44.7332 
\qm 7.7738 7.547 .882 
-12.8720 28.4196 
ISO . both -14.0167 8.214 
.437 -36.4876 8.4542 
none 10.9294 7.645 .634 
-9.9855 31.8444 
tqm -6.2429 7.943 .964 
-27.9719 15.4862 
r.one 60th -24.S461' 7.233 .007 
-44.7332 -5.1589 
iso -10.9294 7.645 .634 
-31.8444 9.9855 
tqm -17.1723 6.923 .094 
-36.1128 1.7683 
tqm both -7.7738 7.547 .882 
-28.4196 12.8720 
iso 6.2429 7.943 .964 
-15.4862 27.9719 
none 17.1723 6.923 .094 
-1.7683 36.1128 
Based on observed means. The error term is Error. 
. The mean difference is significant at the. 05 level 
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Multiple comparisons within stages 
(Using the Gabriel's and the Hochberg's GT2 Tests) 
95% Confidence 
Mean ImeIVa! 
(I' TYPE (J)TYPE 
DitIenonCe Lower Upper 
STAGE It-.ll Std. Error Sig. 
Bound Bound 
''''' 
none 
~ . . -W.U, I.". 
TOM -3.2000 4.293 .835 -14.6597 8.2597 
none ISO - . flT -,:§j9 .987 .297' 9.0748 
raM ".3111 3.279 .481 -13.0415 4.4193 
TOM ,<><> 3.2000 4.293 Jl35 -8.2597 
14:6597 
none 4.3111 3.279 .481 ".4193 
13.0415 
""""""'W ISO nM8 1."" 3.9'9 .988 -9.4342 
i.6564 
TOM -32000 4.293 .838 -14.7518 83518 
none >SO - . 3."'9 .9t!tS - 1.6""" 
9.4:142 
TOM ".3'" 3.279 489 -13.1339 
4.5117 
TOM >SO ~ . 2 0 0 0 0 4.293 ...... -<3.35" 
14.75'8 
none 4.31" 3279 .4B9 ".5117 
13.1339 
12 uaone ,:su none -8.9000 3.821 
.176 -20.6112 2.B112 
TOM -13.2500' 3.955 .032 -25.4968 
-U)032 
Both -13.0000' 3.955 .036 
-25.2488 -.7532 
none -r.>O 8.9000 3.82' .176 
-2.8112 20.6112 
TaM -4.3500 3.064 .848 -13.9600 
5.2600 
Both -4.1000 3.064 .700 ·13.7100 
5.5100 
TOM 'l5CT -"2500' 3.955 .032 '.0032 
25.4968 
none 4.3500 3.064 .848 ~ . 2 6 0 0 0
13.9600 
Both .2500 3.229 1.000 -9.8955 
10.3955 
BoIh -.so- 1:f.OOOO' 3.955 .036 
.7532 25.2488 
none 4.1000 3.064 .700 
~ . 5 1 o o o 13.7100 
TOM -2500 3.229 1.000 -10.3955 
9.8955 
ROChbiiili ISO none -8.9000 3.82' .193 
-2QlIU'I4 3.1044 
TOM -13.2500' 3.955 .035 -25.6757 
-.8243 
Both -13,0000' 3.955 
.039 -25.4257 -.5743 
none 150 8.9000 362' 
.,93 -3.1044 2 0 ~ 9 0 4 4 4
TOM -4.3500 3064 650 
-,3.9749 5.2749 
Both -4,000 3.064 
.701 -13.7249 5.5249 
10M ':sU 13.2500' 3.955 035 
. 6 2 ~ ~ 25.6757 
none 4.3500 3.064 650 
-5.2749 ~ 3 . 9 7 4 9 9
Botl1 .2500 3.229 
,.000 -9.8955 10.3955 
BoCI1 ISO 13:0000' 3.955 .03" 
.5743 25.l257 
none 4.1000 3.064 
.701 -5.5249 13.7249 
TOM -2500 3.229 1000 -10.3955 
9.8955 
T uaona ,so none 4.8667 
3.022 '.510 -3.9718 13.7052 
TaM -3.0000 2.617 .817 
-10.7159 4.i159 
Both -3.8750 2.359 .548 
-10.5829 3.2329 
none 150 -4.8661 ""3:022 
.510 -13.7052 3.9718 
TOM -7.8667 3.022 .096 
-16.7052 .9718 
Both -8.5417" 2.802 
,034 -16.5722 -.5111 
lUM ,= 3llOOO 2.817 .8" 
-4.7159 '0.7159 
none 7.8667 3.022 .096 
_.9718 16.7052 
Both -.6750 2.359 1.000 
-7.5829 8.2329 
BoIh ,:su 3.6750 2.359 
-.546 --:n329 10.5929 
none 8.5417· 2.802 .034 
.5111 16.5722 
TOM 6750 2.359 1.000 
-8,2329 7.5929 
~ ~ ,:su none 4.8661 3.022 
519 ,4,0429 13.7162 
TOM -3.0000 2.617 .811 -'0.71S9 
4.7159 
Both -3.6750 2.359 .553 
-10.6300 3.2800 
none ':SO ... ..,.., 3022 .519 
_".7762 4ll42ll 
TOM -7.8667 3.022 .100 _16.7762 
10429 
8otl1 -8.5417" 2.802 .041 _'6.8010 
-.2823 
TOM ':SO 3.0000 2.61 .81 
-:;{7159 10.7159 
none 7._7 3.022 ,00 -1.0429 
16.7762 
Botl1 -.6750 2.359 1.000 -7.6300 
6.2800 
Both '''u "'3:6750 2.30" .553 
" 3 ~ 8 0 0 0 10.6300 
none 8.5411' 2.802 041 2823 
16.8010 
TOM .6750 2.359 ,000 -82800 
76300 
Based on observed means The error lenn IS Error 
The mean difference IS Significant at the 05 level 
235 
